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1. INTRODUCTION 

The C u l l e n  C o l l e g e  o f  E n g i n e e r i n g ,  U n i v e r s i t y  o f  Hous ton  

. with t h e  p u r c h a s e  o f  an a n a l o g  computer  s u p p o r t e d  by  N S F  

G r a n t  GK-2436 "Hybr id  Computing F a c i l i t y f 1  c o m p l e t e d  t h e  i n s t a l -  

l a t i o n  o f  a h y b r i d  comput ing  f a c i l i t y  i n  J u l y ,  1969 .  S i n c e  

i t s  i n s t a l l a t i o n  some f i f t y  g r a d u a t e  s t u d e n t s  h a v e  h a d  s u b s t a n -  

t i a l  e x p o s u r e  t o  t h i ' s  r e s e a r c h  t o o l  i n  t h e  form o f  a g r a d u a t e  

c o u r s e  o r  i n d i v i d u a l  t u t o r i a l . .  T h r e e  s t u d e n t s  have  r e c e i v e d  

d e g r e e s  ( 2  M.S. a n d  1 Ph.D.) e s s e n t i a l l y  on t h e  b a s i s  o f  

a n a l o g / h y b r i d - c o m p u t e r  o r i e n t e d  t o p i c s  w i t h  l a b o r a t o r y  c o s t s  

s u p p o r t e d  by  NASA G r a n t  N44 - 0 0 5  -084  "Aerospace  - R e l a t e d  H y b r i d  

Computing R e s e a r c h . ' '  S e v e r a l  o t h e r  p r o j e c t s  a r e  c u r r e n t l y  

a c t i v e .  

A l l  p h a s e s  o f  t h e  o p e r a t i o n  s u c h  as s o f t w a r e ,  s y s t e m  

p e r f o r m a n c e ,  m a i n t e n a n c e  and s u p e r v i s i o n  a r e  on a f i r m  f o o t i n g .  

P l a n s  for f u t u r e  e x t e n s i o n  o f  c a p a b i l i t i e s  i n c l u d e :  

1. E x p a n s i o n  o f  d i s c  memory f rom 2 1 . 7 5  m i l l i o n  

bytes t o  116  m i l l i o n  b y t e s  

2 .  E x p a n s i o n  o f  c o r e  memory from 128K b y t e s  t o  

256K b y t e s  
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3 .  

4 .  

5. 

6 .  

7. 

A d d i t i o n a l  p l u g  i n  components  f o r  t h e  a n a l o g  

c o m p u t e r :  m u l t i p l i e r s ,  r e l a y s ,  d i g i t a l  c o e f f i c i e n t  

u n i t s  

A .  m i n i - c o m p u t e r  as a f u n c t i o n  g e n e r a t o r  

A g r a p h i c  c o n s o l e  for d a t a  d i s p l a y ,  programming 

and c o n t r o l  

Remote d i s p l a y  f a c i l i t y  f o r  c l a s s r o o m  i n s t r u c t i o n  

Data communica t ion  i n t e r f a c e  f o r  o n - l i n e  d a t a  

a c q u i s i t i o n  and ne twork  o p e r a t i o n  w i t h  U N I V A C  1 1 0 8  

o f  t h e  U n i v e r s i t y  Computing C e n t e r  

These  e x p a n s i o n  i t e m s  a r e  c o n t i n g e n t  on f u n d i n g  o f  a d d i t i o n a l  

g r a n t s  o r  c o n t r a c t s  now i n  t h e  p r o p o s a l  s t a g e . ’  

2 .  DESCRIPTION O F  HARDWARE AND SOFTWARE 

Hvbrid Computing Facility 
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The comput ing  equipment  i n  t h e  E n g i n e e r i n g  Sys tems Simu- 

l a t i o n  L a b o r a t o r y  o f  t h e  C u l l e n  C o l l e g e  o f  E n g i n e e r i n g ,  

U n i v e r s i t y  o f  Hous ton ,  c o n s i s t s  o f  a n  I B M  Model 44 d i g i t a l  

compute r  which  h a s  128K b y t e s  o f  c o r e  memory, t w o  h i g h - s p e e d  

m u l t i p l e x e r  c h a n n e l s ,  a l ow-speed  m u l t i p l e x e r  c h a n n e l  and t h e  

3 2 - l e v e l  p r i o r i t y  i n t e r r u p t  f e a t u r e .  Three  2311 d i s c  d r i v e s  

a r e  s w i t c h a b l e  be tween  t h e  two h i g h - s p e e d  m u l t i p l e x e r  c h a n n e l s .  

The s i n g l e - d i s c  s t o r a g e  d r i v e  i n  t h e  model 4 4  p r o c e s s i n g  u n i t  

i s  a t t a c h e d  t o  a s u b c h a n n e l  on one h i g h - s p e e d  m u l t i p l e x  c h a n n e l .  

T h e r e  a r e  two 9 - t r a c k  t a p e  d r i v e s ,  a c a r d  r e a d  punch ,  a l i n e  

p r i n t e r ,  and  a c o n s o l e  t y p e w r i t e r  a t t a c h e d  t o  t h e  m u l t i p l e x e r  

c h a n n e l .  The d i g i t a l  computer  c o n f i g u r a t i o n  i s  shown i n  

F i g u r e  1. 

Communicat ion be tween  t h e  360/44 and t h e  a n a l o g  compute r  

is t h r o u g h  a H y b r i d  Sys tems Model 1044 H y b r i d  L inkage  u n i t .  

Data t r a n s f e r  be tween  t h e  l i n k a g e  and  t h e  d i g i t a l  compute r  i s  

s p l i t  be tween  t h e  two h i g h - s p e e d  m u l t i p l e x e r  c h a n n e l .  D i g i t a l  

d a t a  for c o n v e r s i o n  a t  t h e  i n t e r f a c e  i s  t r a n s m i t t e d  from t h e  

360 t o  t h e  l i n k a g e  o v e r  a s u b c h a n n e l  o f  t h e  s e c o n d  h i g h - s p e e d  

m u l t i p l e x  c h a n n e l .  The " s p l i t  c o n f i g u r a t i o n "  o f  t h e  l i n k a g e ,  

i n s o f a r  as A-to-D and  D-to-A a c t i v i t y  i s  c o n c e r n e d  i s  p r o b a b l y  

u n i q u e  t o  t h i s  i n s t a l l a t i o n .  The p u r p o s e  o f  s u c h  a s p l i t  i s  

t h a t  much h i g h e r  e f f e c t i v e  d a t a  r a t e s  a r e  p o s s i b l e  w i t h  t h e  

i n p u t  and  o u t p u t  a c t i v i t y  o p e r a t i n g  a s y n c h r o n o u s l y  o v e r  two 

s e p a r a t e  c h a n n e l s .  
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N E E R I N G  SYSTEMS SIMULATION LABORATORY 

IBM S y s t e m  3 6 0 / 4 4  
D i g i t a l  C o m p u t i n g  Sys tem 

H i g h - s p e e d  
Mu1 t i  p l  e x  
C h a n n e l  2 

2 0 4 4  G 
P r o c e s s i n g  
U n i t  

H S I  1044 
H y b r  i d 
L i n k a a e  

P r  i o r  i t y  to ss-100 
I n t e r r u p t s  

2 m  i a 

FIGURE 1 
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The a n a l o g  compute r  i s  a H y b r i d  Sys tems I n c o r p o r a t e d ,  

Model S S 1 0 0 .  Components o f  t h e  a n a l o g  compute r  summarized i n  

F i g u r e  2 i n c l u d e  5 4  s u m m e r / i n v e r t e r  a m p l i f i e r s ,  36 summer/ 

i n t e g r a t o r  a m p l i f i e r s ,  80  s e r v o - s e t  p o t e n t i o m e t . e r s ,  manual  

p o t e n t i o m e t e r s ,  D-to-A s w i t c h e s ,  s a m p l e - a n d - h o l d  a m p l i f i e r s ,  

c o m p a r a t o r s ,  m u l t i p l i e r s ,  s i n e - c o s i n e  g e n e r a t o r s  and  most  o f  t h e  

l e s s e r  a n a l o g  and l o g i c  components  a s s o c i a t e d  w i t h  an a n a l o g  

compute r  o f  t h i s  s i z e  and o f  r e c e n t  m a n u f a c t u r e .  P r e s e n t l y  

Analog o u t p u t  i s  b e i n g  h a n d l e d  by  p h o t o - r e c o r d i n g  f rom an  

o s c i l l o s c o p e  o r  by  d i g i t i z i n g  and  l i n e  p r i n t i n g .  

Major  s o f t w a r e  e l e m e n t s  f o r  t h e  s y s t e m  a re  shown i n  

F i g u r e  3 .  The o p e r a t i n g  s y s t e m  f o r  t h e  360/44 u s e d  i n  t h i s  

h y b r i d  e n v i r o n m e n t  i s  t h e  D a t a  A c q u i s i t i o n  Mul t iprogramming 

Sys tem (DAMPS-11). T h i s  s y s t e m  i s  a r a t h e r  e l a b o r a t e  e x t e n s i o n  

o f  t h e  programming s y s t e m  f o r  t h e  360/44 ,  44PS and  i s  f u r n i s h e d  

by I B M  f o r  t h e  360/44  i n  r e a l - t i m e  a p p l i c a t i o n s .  The f u n c t i o n s  

o f  DAMPS a r e  s u p p l e m e n t e d  and  e x t e n d e d  b y  a s y s t e m  o f  p r o g r a m s ,  

r u n  u n d e r  DAMPS, known as t h e  H y b r i d  E x e c u t i v e .  These  e x t e n -  

s i o n s  were  d e v e l o p e d  by H y b r i d  Sys t ems ,  and s e r v e  t o  expand 

the f u n c t i o n s  o f  DAMPS i n  a manner a p p r o p r i a t e  t o  h y b r i d  

c o m p u t a t i o n .  

Two a d d i t i o n a l  s o f t w a r e  p a c k a g e s  a r e  a l s o  a v a i l a b l e .  The 

f i r s t  o f  t h e s e  i s  c a l l e d  ANASET. F a c i l i t i e s  a r e  p r o v i d e d  i n  

ANASET f o r  s e t u p ,  s t a t i c  check ,  dynamic  c h e c k ,  and  e x e c u t i o n  

m o n i t o r i n g  o f  p rograms  f o r  t h e  h y b r i d  compute r ,  u t i l i z i n g  a 
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Hybrid Systems SS-100 Analog Computing System 

54 Summer-inverter a m p l i f i e r s  
36 Summer-integrator a m p l i f i e r s  

6 Dual i n v e r t e r  a m p l i f i e r s  
80 Servo-set  po ten t iometers  

(with s l e w  c o n t r o l )  
12 Manual po ten t iometers  
1 6  Dig i ta l -ana log  swi tches  
16  Sample-and-hold a m p l i f i e r s  
1 2  Comparators 

2 Sine-cosine gene ra to r s  
5 Feedback l i m i t e r s  
8 Quarter-square m u l t i p l i e r s  

20 Log (x) diode f u n c t i o n  gene ra to r s  
5 Bridge l i m i t e r s  
12 SPDT func t ion  r e l a y s  

8 S h i f t  r e g i s t e r s  ( 3 2  f l i p - f l o p s )  
50 AND/NAND g a t e s  

2 Three-mode t i m e r s  
2 Single-shot  rnu l t iv ib ra to r s  
8 Logic pushbut tons 

16  Logic-level i n d i c a t o r s  
1 6  Analog t o  d i g i t a l  conversion mul t ip l exe r  

channels  (13 b i t s  + sign)  
16  Mul t ip ly ing  d i g i t a l  t o  analog conve r t e r s  
16 Sense l i n e s  
32 Cont ro l  l i n e s  
16 P r i o r i t y  i n t e r r u p t s  

Mode and t i m e r  c o n t r o l  f e a t u r e s  
Analog address  and readout  system 
6 Channel r eco rde r  
x-y P l o t t e r  8 1/2” x 11” 
V a r i a b l e  p e r s i s t e n c e  osc i l l o scope  

FIGURE 2 
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HYBR I D PROGRAMM I NG S U P P O R T  S O F T W A R E  

DAMPS - I1 

H y b r i d  ExecuTive 

ANASET 

Au t o T r a k  

FIGURE 3 
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s p e c i f i c a l l y  r e s t r i c t e d  F O R T R A N - I V  s t a t e m e n t  s t r u c t u r e  f o r  

r e f e r e n c e  t o  a n a l o g  compute r  componen t s .  The s e c o n d  s u b -  

s i d i a r y  s o f t w a r e  p a c k a g e  i s  c a l l e d  Au toTrak .  

p e r m i t s  t he  d i s p l a y ,  m o n i t o r i n g  and m o d i f i c a t i o n  o f  v a r i a b l e s  

AutoTrak  

a t  e x e c u t i o n - t i m e  i n  FORTRAN IV-coded p rograms  a t  t h e  c o n s o l e  

t y p e w r i t e r .  R e f e r e n c e  t o  t h e s e  F O R T R A N  v a r i a b l e s  may b e  made 

e i t h e r  by  v a r i a b l e  name, a b s o l u t e  a d d r e s s ,  o r  by  r e l a t i v e  

a d d r e s s .  Combina t ion  o f  ANASET w i t h  AutoTrak a l l o w s  t h e  

m o d i f i c a t i o n  o f  p o t e n t i o m e t e r  s e t t i n g s ,  s c a l e  f a c t o r s ,  and 

o t h e r  v a r i a b l e s  p e r t i n e n t  t o  t h e  a n a l o g  compute r  f rom t h e  

d i g i t a l  c o m p u t e r  a t  t h e  t i m e  t h e  ANASET p rogram i s  b e i n g  

e x e c u t e d .  

The memory o f  t h e  360/44 u n d e r  DAMPS i s  d i v i d e d  i n t o  two 

user p a r t i t i o n s ,  a b a c k g r o u n d  p a r t i t i o n  and  a r e a l - t i m e  

p a r t i t i o n .  DAMPS f u n c t i o n s  a r e  summar ized  i n  F i g u r e  4 .  

P r o c e s s i n g  i n  t h e  b a c k g r o u n d  p a r t i t i o n  i s  i n  c o n v e n t i o n a l  

b a t c h  mode. 44PS j o b s  coded  i n  F O R T R A N - I V  or a s s e m b l e r  

l a n g u a g e  can  b e  e x e c u t e d  i n  t h e  r o u g h l y  4 9 , 0 0 0  b y t e  a r e a  

p r o v i d e d  i n  t h e  background  p a r t i t i o n .  A l l  t h e  f a c i l i t i e s  

o f  44PS  i n c l u d i n g  o v e r l a y  a r e  a v a i l a b l e  t o  p rograms  b e i n g  

p r o c e s s e d  i n  t h e  b a c k g r o u n d  u n d e r  DAMPS. A c t i v i t y  i n  t h e  

r e a l - t i m e  p a r t i t i o n  t h e  e x e c u t i o n  of r e a l - t i m e  j o b s  (RTJs)  

f a l l s  e s s e n t i a l l y  i n  two c a t e g o r i e s .  The p r o c e s s i n g  a s s o c i a t e d  

d i r e c t l y  w i t h  p r i o r i t y  i n t e r r u p t s  i s  h a n d l e d  by  s o - c a l l e d  
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DAMPS F u n c t i o n s  

( . H y b r i d  P r o g r a m m i n g  S u p p o r t )  

I d e n t i f y  RTJs 

Queue FGTs 

Dequeue FGTs 

T e r m i n a t e  FGTs 

A t t a c h  RTTs t o  P l L s  

T e r m i n a t e  RTTs 

E n a b l e  P l L s  

D i s a b l e  P1L.s 

Term i n a t e  RTJ s 

R e a l - T i m e  I n p u t - O u t p u t  

S e t  up c o n t r o l s  f o r  RTIO 

P e r f o r m  ( o v e r l a p p e d )  RTIO 

Check  RTlO 

FIGURE 4 
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r e a l - t i m e  t a s k s ,  (RTTs) one RTT b e i n g  a t t a c h e d  t o  e a c h  p r i o r i t y  

i n t e r r u p t  l e v e l  ( P I L ) .  RTTs may b e  coded  e i t h e r  i n  FORTRAN-IV 

o r  i n  a s s e m b l e r  l a n g u a g e ,  b u t  i n  e i t h e r  c a s e  a r e  r o u t i n e s  which  

e x e c u t e  v e r y  r a p i d l y  i n  r e s p o n s e  t o  i n t e r r u p t s .  More l e n g t h y  

c o m p u t a t i o n a l  t a s k s ,  s u c h  as n o n - r e a l - t i m e  i n p u t / o u t p u t ,  e t c .  

may b e  queued  by R T T s  f o r  e x e c u t i o n  i n  t h e  r e a l - t i m e  p a r t i t i o n  

upon c o m p l e t i o n  o f  a l l  p e n d i n g  p r i o r i t y - i n t e r r u p t  p r o c e s s i n g .  

These  f o r e g r o u n d  t a s k s  (FGT's)  have  a l l  f a c i l i t i e s  o f  t h e  

DAMPS s u p e r v i s o r  a v a i l a b l e .  DAMPS-I1 p r o v i d e s  a r e a l - t i m e  

p a r t i t i o n  o f  a p p r o x i m a t e l y  3 7 , 0 0 0  b y t e s  o f  c o r e  s t o r a g e .  
I 

The b a t c h  j o b s  c o n s t i t u t i n g  t h e  b a c k g r o u n d  j o b  s t r e a m  

a r e  i n p u t  t h r o u g h  t h e  c a r d  r e a d e r .  I n  t h i s  t w o - p a r t i t i o n  

mode, t h e  l o a d i n g  o f  R T J s  i s  c o n t r o l - l e d  f rom t h e  c o n s o l e  

t y p e w r i t e r ,  t h e  p rograms  making up t h e  R T J  b e i n g  l o a d e d  from 

a p r e v i o u s l y  c o m p i l e d  and l i n k a g e - e d i t e d  p rogram l i b r a r y .  

The i n i t i a t i o n  o f  an R T J  c o n s i s t s  e s s e n t i a l l y  o f  e n t r y  o f  

a p p r o p r i a t e  j o b  c o n t r o l  s t a t e m e n t s  f rom t h e  t y p e w r i t e r .  I n  

t h e  e v e n t  t h a t  a r e a l - t i m e  j o b  r e q u i r e s  more s t o r a g e  t h a n  

t h a t  a v a i l a b l e  i n  t h e  r e a l - t i m e  p a r t i t i o n ,  DAMPS-I1 may b e  

o p e r a t e d  i n  a s i n g l e - p a r t i t i o n  mode, p r o v i d i n g  b o t h  t h e  s p a c e  

o f  t h e  r e a l - t i m e  p a r t i t i o n  and t h a t  o f  t h e  b a c k g r o u n d  p a r t i -  

t i o n  t o  t h e  r e a l - t i m e  j o b .  C o n t r o l  s t a t e m e n t s  f o r  t h e  r e a l -  

t i m e  j o b  e x e c u t e d  i n  t h i s  o n e - p a r t i t i o n  mode a re  t h e n  e n t e r e d  

t h r o u g h  t h e  c a r d  r e a d e r .  
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DAMPS p r o v i d e s  a number o f  f u n c t i o n s  t o  t he  r e a l - t i m e  

p rob lem programmer i n  t he  form o f  s u b r o u t i n e s  which ,  a s  a r e  

a p p r o p r i a t e ,  may b e  c a l l e d  f rom R T T s  o r  f r o m  F G T s .  A c t i v i t i e s  

f a l l i n g  i n t o  t h i s  c a t e g o r y  i n c l u d e  t h e  i d e n t i f i c a t i o n  o f  

R T J s ,  t h e  q u e u e i n g ,  d e q u e u e i n g ,  and t e r m i n a t i o n  o f  F G T s ,  t h e  

e n a b l i n g  and d i s a b l i n g  o f  P I L s ,  t h e  a t t a c h m e n t  o f  R T T s  t o  

P I L s ,  t h e  t e r m i n a t i o n  o f  R T T s ,  n o n - r e a l - t i m e  1 / 0  from F G T s ,  

r ea l - t ime  1 /0  f rom R T T s ,  ( b o t h  o v e r l a p p e d  and n o t  o v e r l a p p e d  

w i t h  o t h e r  p r o c e s s i n g ) ,  and t h e  t e r m i n a t i o n  o f  R T J s .  F u n c t i o n s  

p r o v i d e d  i n  a s i m i l a r  manner  by t h e  H y b r i d  E x e c u t i v e  shown 

i n  F i g u r e  5 i n c l u d e  t h e  dynamic  a l l o c a t i o n  o f  RTTs t o  P I L s ,  

d i s p l a y  o f  t h e  FGT q u e u e s ,  t h e  c o n s t r u c t i . o n  o f  s o - c a l l e d  

u n c o n t r o l l e d  R T T s ,  o v e r l a p p e d  n o n - r e a l - t i m e  I/O, m a n i p u l a t i o n  

o f  t h e  i n t e r v a l  t imer ,  programmable  d e l a y ,  i n t e r n a l  t r i g g e r i n g  

o f  P I L s ,  a s e t  o f  p s e u d o - s e n s e  s w i t c h e s ,  and  e x e c u t i o n - t i m e  

a c c o u n t i n g .  T i m e  and s p a c e  do n o t  p e r m i t  a d e t a i l e d  t r e a t -  

ment h e r e  o f  f e a t u r e s  and o p e r a t i o n  o f  DAMPS and t h e  H y b r i d  

E x e c u t i v e ,  n o r  f o r  t h a t  m a t t e r ,  o f  ANASET and  AutoTrak .  

The l i n k a g e  i n t e r f a c e  u n i t ,  HSI 1 0 4 4 ,  i s  d e s c r i b e d  i n  

F i g u r e  6 .  A s  m e n t i o n e d  e a r l i e r  t h e  l i n k a g e  f o r  t h i s  p a r t i c u -  

l a r  s y s t e m  i n c l u d e s  d u a l  c o n t r o l  l o g i c  and  d u a l  b i - d i r e c t i o n a l  

r e g i s t e r s  t o  a l l o w  i n d e p e n d e n t ,  a s y n c h r o n o u s  o p e r a t i o n  o f  

a n a l o g  i n p u t  (A/D) and  a n a l o g  o u t p u t  (D/A). The c o n t r o l  

f u n c t i o n s  shown i n  F i g u r e  6 a r e  a c t u a l l y  d u p l i c a t e d  i n  t h e  

i n t e r f a c e .  
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HYBRID EXECUTIVE: FUNCTIONS 

(Supplementing DAMPS) 

Dynamic P I L  - RTT a l l o c a t i o n  
Display FGT Queues 
Tr igge r  P I L s  i n t e r n a l l y  
Attach uncon t ro l l ed  RTTs 

Overlapped non-RTIO 
I n t e r v a l  t i m e r  handl ing  
Pseudo-sense swi tches  
Programmable de lay  
Execution- t i m e  account ing 
Data conversion func t ions  and c o n t r o l  
Analog mode func t ions  - , 

'Sing l e  b i t  communi c a t i o n  
Addressing and read  o u t  of analog components 
Poten t iometer  s e t t i n g  
T i m e r .  Con t ro l  

FIGURE 5 
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The i n t e r f a c e  i n c l u d e s  t h e  c o n t r o l  f e a t u r e s  f o r  s e q u e n t i a l  

and  random a d d r e s s i n g  o f  A/D m u l t i p l e x e r  c h a n n e l s  and  t h e  

m u l t i p l y i n g  D / A  c o n v e r t e r s .  I n  a d d i t i o n ,  t h e s e  d a t a  t r a n s -  

m i s s i o n  a c t i v i t i e s  c a n  b e  o p e r a t e d  w i t h  t h e  C P U  c h a n n e l  i n  

e i t h e r  t h e  b u r s t  or m u l t i p l e x  mode. When t h e  c h a n n e l  i s  i n  

t h e  m u l t i p l e x  mode ( e s s e n t i a l  f o r  random a d d r e s s i n g )  t h e  

t r a n s m i s s i o n  .o f  A / D  m u l t i p l e x e r  or D / A  c o n v e r t e r  a d d r e s s e s  

i s  i n t e r l e a v e d  w i t h  t h e  i n p u t  or o u t p u t  o f  a n a l o g  d a t a .  The 

i n t e r f a c e  o p e r a t i o n  c a n  a l s o  b e  c o n t r o l l e d  i n  e i t h e r  mode o r  

d i r e c t i o n  by  e x t e r n a l  s y n c h r o n i z a t i o n  where  t h e  c o n v e r s i o n  

o f  e a c h  s a m p l e  i s  u n d e r  t h e  c o n t r o l  o f  a l o g i c  s i g n a l  f rom a 

c l o c k ,  g a t e ,  c o m p a r a t o r  o r  t i m e r  a t  t h e  a n a l o g  c o n s o l e ,  I n  

t h e  s e q u e n t i a l ,  i n t e r n a l l y  s y n c h r o n i z e d  mode t h e  d a t a  t r a n s -  

f e r  r a t e  a p p r o a c h e s  100 ,000  s a m p l e s  p e r  s e c o n d  c o n c u r r e n t l y  

on A / D  and  D / A  c h a n n e l s .  T h i s  i s  e q u i v a l e n t  t o  a t r a n s f e r  

r a t e  o f  4 0 0 , 0 0 0 . b y t e s  p e r  s e c o n d .  

S i n g l e  b i t  d a t a  t r a n s f e r s  f o r  a n a l o g  c o n t r o l  ( c o n t r o l  

l i n e s )  o r  s t a t u s  s e n s i n g  a t  t h e  a n a l o g  ( s e n s e  l i n e s )  can  a l s o  

be c o n t r o l l e d  t h r o u g h  t h e  i n t e r f a c e .  A l l  o t h e r  modes o f  

a n a l o g  c o n t r o l ,  a d d r e s s i n g  a n d  r e a d o u t  a r e  a v a i l a b l e  t o  t h e  

d i g i t a l  p r o g r a m .  Thus ,  a l l  a n a l o g  compute r  e l e m e n t s  may b e  

a d d r e s s e d  and  r e a d  o u t  o v e r  t h e  A / D  c o n v e r t e r ,  t h e  v a r i o u s  

modes s u c h  a s  I C ,  OP ,  H O L D ,  POTSET, RATE TEST, STATIS TEST 

c a n  b e  c o n t r o l l e d  f rom t h e  d ’ i g i t a l  c o m p u t e r .  Four  d e c a d e  

t i m e r  i n t e r v a l s ,  c l o c k  r a t e  and  mode s u c h  as 2-mode r e p e t i t i v e  
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o p e r a t i o n  [IC, O P ,  HOLD)  can  a l s o  b e  i n i t i a l i z e d  f rom t h e  

I B M  3 6 0 .  Analog  r e a d - o u t  i s  done  t h r o u g h  the  A / D  c o n v e r t e r  

a u t o m a t i c a l l y  w i t h o u t  p a t c h i n g  a t  t h e  a n a l o g  c o n s o l e  i n  

p r e f e r e n c e  t o  r e a d i n g  the  d i g i t a l  v o l t m e t e r  which  would s l o w  

down t h e  p r o c e s s  c o n s i d e r a b l y .  

The a n a l o g  e l e m e n t s  a re  d e s i g n e d  w i t h  a band  w i d t h  o f  

r o u g h l y  1 0 0  KH f o r  d i o d e  f u n c t i o n  g e n e r a t o r s  ( m u l t i p l i e r s ,  

l o g  and s i n e - c o s i n e  f u n c t i o n s )  and  300  t o  5 0 0  KH f o r  t h e  l i n e a r  

e q u i p m e n t  ( a m p l i f i e r s ) .  S w i t c h i n g  t imes  a r e  on t h e  o r d e r  o f  

one  h a l f  m i c r o - s e c o n d  o r  l e s s  f o r  l o g i c  e l e m e n t s ,  D / A  s w i t c h e s  

and mode c o n t r o l  s w i t c h e s .  N o i s e  l e v e l s ,  u n f i l t e r e d ,  a r e  i n  

t h e  1 - 5  m u l t i v o l t  r a n g e  d e p e n d i n g  on component c l a s s .  A l l  

s w i t c h i n g  i s  e l e c t r o n i c  wi th ,  l i b e r a l  u s e  o f  FET s w i t c h e s .  

Two o r  t h r e e - m o d e  r e p e t i t i v e  o p e r a t i o n  a t  r a t e s  a p p r o a c h i n g  

. 1 0 0 0  p r o b l e m s  s o l u t i o n s  p e r  s e c o n d  a r e  a v a i l a b l e .  Compara to r s  

h a v e  l a t c h i n g  c o n t r o l s ,  s ample  and  h o l d  a m p l i f i e r s  may b e  

u s e d  e i t h e r  as  an i n t e r f a c e  be tween  t h e  A / D  m u l t i p l e x e r  o r  i n  

s t a n d - a l o n e  o p e r a t i o n ,  D / A  c o n v e r t e r s  may b e  u s e d  as d i g i t a l  

a l t e n a t o r s .  Sample and h o l d  a m p l i f i e r s  may a l s o  b e  u s e d  as 

h i g h  s p e e d  i n t e g r a t o r s .  

Four  c a p a c i t o r  s e l e c t e d  i n t e g r a t i o n  t i m e  s c a l e s  a r e  

\ 

a v a i l a b l e ;  1 . 0 ,  . l ,  . 0 1  and . 0 0 1  m i c r o f a r a d .  
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3 .  TRAINING ACTIVITIES 

A f o r m a l  c r e d i t  c o u r s e  i n  h y b r i d  c o m p u t a t i o n  CEGR 630)  

h a s  b e e n  o f f e r e d  t w i c e  w i t h  a t o t a l  o f  4 1  s t u d e n t s  f o r  

c r e d i t  and some a u d i t o r s ,  Two N a t i o n a l  S c i e n c e  F o u n d a t i o n  

Advanced S c i e n c e  S e m i n a r s  i n  1969 and  1970 w i t h  a t o t a l  o f  

45 f a c u l t y ,  r e c r u i ' t e d  n a t i o n - w i d e  and s e v e r a l  f rom t h e  

U n i v e r s i t y  o f  H o u s t o n ,  i n c l u d e d  a two-week c o u r s e  i n  a n a l o g /  

h y b r i d  c o m p u t a t i o n .  T y p i c a l  l a b o r a t o r y / h o m e w o r k  e x e r c i s e s  

i n  E G R  6 3 0  a r e  i n c l u d e d  i n  Appendix  A .  

4. RESEARCH I N  PROGRESS 

P r i n c i p a l  i n v e s t i g a t o r s  whose p r o j e c t s  a r e  u s i n g  t h e  

f a c i l i t y  i n c l u d e :  

1. D r .  C .  F .  Chen, Depa r tmen t  o f  E l e c t r i c a l  E n g i n e e r i n g ,  
" M u l t i v a r i a t e  c o n t r o l  s y s t e m s ; "  M.S. T h e s i s  o f  T e r r y  
E d g e r t o n  e n c l o s e d  w i t h  t h i s  r e p o r t .  

2 .  D r .  S .  ' B .  C h i l d s ,  Depa r tmen t  o f  Mechan ica l  
E n g i n e e r i n g ,  "Hybr id  compute r  t e c h n i q u e s  f o r  t h e  
s o l u t i o n  o f  m u l t i - n o d a l  n e t w o r k s  . I 1  

3 .  D r .  A .  E .  D u k l e r ,  Depa r tmen t  o f  Chemica l  E n g i n e e r i n g ,  
" S u r f a c e  Renewal t h e o r i e s  o f  t u r b u l e n t  d i f f u s i o n ,  
T u r b u l e n t  d i f f u s i o n  by  Monte C a r l o  Methods,  S t o c h a s t i c  
mode l s  o f  two-phase  g a s - l i q u i d  f l o w . "  

4. D r .  6 .  J .  Huang, A s s i s t a n t  Dean o f  F a c u l t i e s  and  
Depar tmen t  o f  Chemica l  E n g i n e e r i n g ,  "System I d e n t i -  
f i c a t i o n -  i n  Complex Chemical K i n e t i c  Sys t ems  . I 1  

5 .  D r .  R .  D .  F i n c h ,  Depa r tmen t  o f  M e c h a n i c a l  E n g i n e e r i n g ,  
" A c o u s t i c  e x c i t a t i o n  o f  r a i l r o a d  wheels1 '  [Depa r tmen t  
o f  T r a n s p o r t a t i o n ) .  
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6. 

7. 

8 .  

9. 

1 0 .  

D r .  N .  H.  C .  Hwang, Depar tmen t  o f  C i v i l  E n g i n e e r i n g ,  
"Model ing o f  c a r d i o v a s c u l a r  s y s t e m  and c i r c u l a t i o n  
in t h e  b r a i n . "  T e c h n i c a l  p a p e r  w i t h  J .  C .  Chao 
e n c l o s e d  w i t h  th is  r e p o r t .  

D r .  D .  L u s s ,  Depa r tmen t  o f  Chemica l  E n g i n e e r i n g ,  
"Dynamic p o i s o n i n g  phenomena i n  c a t a l y t i c  s y n t h e s i s .  I' 

D r .  R .  L .  M o t a r d ,  Depa r tmen t  o f  Chemica l  E n g i n e e r i n g ,  
l lCoupled  d i s t r i b u t e d  p a r a m e t e r  phenomena i n  c h e m i c a l  
p r o c e s s e s ,  S o l u t i o n  o f  p a r t i a l  d i f f e r e n t i a l  
e q u a t i o n s . "  Ph.D. d i s s e r t a t i o n  o f  H .  M .  Lee a v a i l a b l e  
on r e q u e s t .  

D r .  J .  M .  Nash ,  Depa r tmen t  o f  C i v i l  E n g i n e e r i n g ,  
" G r a p h i c  c o n s o l e s  i n  t h e  c o n t r o l ,  programming and  
o p e r a t i o n  o f  h y b r i d  c o m p u t e r s  .If 

D r .  W .  P .  S c h n e i d e r ,  Depa r tmen t  o f  E l e c t r i c a l  
E n g i n e e r i n g ,  "Opt imal  and  a d a p t i v e  c o n t r o l  o f  a 
dynamic  s h i p  p o s i t i o n i n g  s y s t e m . "  M .  S .  T h e s i s  o f  
R .  S t .  J o h n  e n c l o s e d  w i t h  t h i s  r e p o r t .  

5 .  RELATED RESEARCH 

A n o t h e r  r e s e a r c h  c o n t r a c t  which  u s e s  and s u p p o r t s  t h e  

d i g i t a l  component o f  t h e  H y b r i d  Sys tem i s  a P r o j e c t  THEMIS, 

ONR C o n t r a c t  N00014-68-A-0151, a c t i v i t y  i n  I n f o r m a t i o n  

P r o c e s s i n g  S y s t e m s .  R e p o r t s  p u b l i s h e d  u n d e r  o u r  THEMIS 

p r o j e c t  a r e  l i s t e d  i n  Appendix  B .  

6 ,  FUTURE EXPANSION 

Plans f o r  f u t u r e  e x p a n s i o n  e x c e p t  f o r  m i n o r  i t e m s  a r e  

n e c e s s a r i l y  c o n t i n g e n t  on a d d i t i o n a l  f u n d i n g  f o r  which  

p r o p o s a l s  a r e  now b e i n g  p r e p a r e d .  
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Analog Computer  

The a n a l o g  compute r  was n o t  f u l l y  expanded ccrhen p u r c h a s e d  

wi th  a N a t i o n a l  S c i e n c e  F o u n d a t i o n  g r a n t .  A d d i t i o n a l  p l u g  i n  

components  a r e  n e e d e d  among w-hich the  more c r i t i c a l  i t ems  a r e  

q u a r t e r - s q u a r e  m u l t i p l i e r s ,  r e l a y s  and  s w i t c h e s  and  d i g i t a l  

c o e f f i c i e n t  u n i t s .  A n o t h e r  i t e m  i n  s h o r t  s u p p l y  i s  p a t c h  c o r d s  

f o r  t he  1 3  p a t c h  p a n e l s  now i n  use .On t h e  l a r g e r  h y b r i d  p r o j e c t s  

we a r e  f i n d i n g  t h a t  16  d i g i t a l - t o - a n a l o g  c o n v e r t e r s  a r e  n o t  

q u i t e  s u f f i c i e n t .  

A n o t h e r  a r e a  for improvement  i s  i n  a r b i t r a r y  f u n c t i o n  

g e n e r a t o r s  o f  which  none  were  i n c l u d e d  i n  t h e  o r i g i n a l  mach ine .  

I t  now a p p e a r s  t h a t  t h e  o p t i m a l  s o l u t i o n  t o  f u n c t i o n  g e n e r a -  

t i o n  i s  t o  u s e  a m i n i c o m p u t e r  w i t h  c o n t i n u o u s  A / D  t r a c k i n g  of 

t h e  i n d e p e n d e n t  v a r i a b l e s  and  D / A  c o n v e r s i o n  o f  d e p e n d e n t  

v a r i a b l e s .  Adding  s u c h  a d e v i c e  o p e n s  up f u r t h e r  o p p o r t u n i t i e s  

f o r  p a r a l l e l  d i g i t a l  p r o c e s s i n g  i n  t h e  s y s t e m  which  h a v e  n o t  

been  c o m p l e t e l y  a s s e s s e d .  For i n s t a n c e ,  i t  would be  p o s s i b l e  

t o  g r e a t l y  expand t h e  d i g i t a l  l o g i c  c a p a b i l i t y  w i t h  min ima l  

loss i n  p e r f o r m a n c e .  The main d i g i t a l  compute r  would s t i l l  

b e  r e s p o n s i b l e  f o r  m a j o r  p rogram c o n t r o l  a n d  d a t a  management .  

For c l a s s r o o m  u s e ,  a r e m o t e  c o n t r o l  i n t e r f a c e  which  would 

a l l o w  v a r i a t i o n  o f  p a r a m e t e r s  and d i s p l a y  s e l e c t i o n  would 

g r e a t l y  improve  t h e  v i s u a l  c o n t e n t  i n  b o t h  g r a d u a t e  a n d  u n d e r -  

g r a d u a t e  c o u r s e s .  Such a f a c i l i t y  w i l l  mos t  e a s i l y  b e  
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implemen ted  when d i g i t a l  c o e f f i c i e n t  u n i t s  a r e  a v a i l a b l e  on 

the a n a l o g  c o m p u t e r .  

. D i ~ i t a l  ComDuter 

A d d i t i o n s  t o  t h e  d i g i t a l  compute r  which  would e n h a n c e  

t h e  u s , e f u l n e s s  o f  t h e  s y s t e m  i n c l u d e :  e x p a n s i o n  o f  c o r e  

memory f rom 1.28K b y t e s  t o  256K b y t e s ,  e x p a n s i o n  o f  d i s c  

memory from 21 .75  m i l l i o n  b y t e s  t o  116  m i l l i o n  b y t e s  ( 3  I B M  

2311's t o  4 I B M  2 3 1 4 ' s ) .  The a d d i t i o n  o f  a communica t ion  

i n t e r f a c e  ( I B M  270x)  w i l l  a l l o w  ne twork  o p e r a t i o n  o f  t h e  

h y b r i d  c o m p u t e r  w i t h  t h e  U n i v e r s i t y  Computing C e n t e r  U N I V A C  

1108 as w e l l  a s  d a t a  a c q u i s i t i o n  l i n k s  t o  v a r i o u s  l a b o r a t o r i e s ,  

and  t i m e - s h a r i n g  on t h e  I B M  360 .  

H y b r i d  Sys t em G r a p h i c s  

A h i g h  p r i o r i t y  i t em for t h e  e x t e n s i o n  o f  h y b r i d  p r o b l e m  

s o l v i n g  c a p a b i l i t y  i s  a f u l l  g r a p h i c s  c o n s o l e  t e r m i n a l .  T h i s  

c o n s o l e  would s e r v e  as a h y b r i d  u s e r  i n t e r f a c e  t o  d i s p l a y  

p r o b l e m  d a t a  i n  r e a l  t i m e ,  t o  p rogram and c o n t r o l  t h e  o p e r a t i o n  

o f . t h e  h y b r i d  s y s t e m ,  i n c l u d i n g  s u c h  f u n c t i o n s  as s e t - u p ,  s t a t i c  

t e s t ,  c o e f f i c i e n t  s e t t i n g  and  p rogram i n i t i a l i z a t i o n .  With 

t he  s p e e d  o f  a modern h y b r i d  s y s t e m ,  t h e  t r a d i t i o n a l  man- in-  

t h e - l o o p  c o n c e p t  o f  a n a l o g  o p e r a t i o n  i s  n o  l o n g e r  v i a b l e  w i t h -  

o u t  s l o w i n g  down t h e  p r o c e s s  c o n s i d e r a b l y .  User c o n t r o l  mus t  
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b e  moved t o  a h i g h e r  s u p e r v i s o r y  l e v e l  i n  t h e  s y s t e m .  A 

g r a p h i c  i n t e r f a c e  c a n  d i s p l a y  s y s t e m  s t a t u s  and  d a t a  much 

f a s t e r  and  more i n t e l l i g i b l y  t h a n  c o n v e n t i o n a l  1 /0  d e v i c e s  

t h e r e b y  i m p r o v i n g  communica t ion  s p e e d  and  a c c e l e r a t i n g  

r e s p o n s e  t o  human i n t e r a c t i o n .  

7. SYSTEM D O C U M E N T A T I O N  

A s i d e  f rom m a i n t e n a n c e  and  s p e c i f i c a t i o n  manua l s  f o r  t h e  

s y s t e m ,  b a s i c  u s e r  d o c u m e n t a t i o n  e n c l o s e d  w i t h  t h i s  r e p o r t  

i n c l u d e :  

1. D a t a  A c q u i s i t i o n  Mul t ip rogramming  System-DAMPS- 

2 .  SS-100 Ana log /Hybr id  Computer P a t c h i n g  R e f e r e n c e  

V e r s i o n  2 ,  H20-0537, I B M  C o r p o r a t i o n .  

Manual ,  HS/40001.0,  H y b r i d  S y s t e m s ,  I n c .  

3 .  1044 H y b r i d  Linkage  Un i t -P rogramming  R e f e r e n c e  
Manual ,  6 0 3 0 . 2 ,  H y b r i d  S y s t e m s ,  I n c .  

4 .  H y b r i d  E x e c u t i v e  - Programming Guide ,  6 0 3 3 . 2 ,  
H y b r i d  S y s t e m s ,  I n c .  

5. ANASET - Analog  S e t - u p  and S t a t i c  Check P rogram;  
r e v i s e d  a t  U n i v e r s i t y  o f  Hous ton  f rom m a t e r i a l  
p r e p a r e d  b y  B e l l  H e l i c o p t e r  Co. ,  F o r t  Wor th .  

6 .  AUTOTRAK - E x e c u t i o n  Time I n t e r a c t i v e  F a c i l i t y ,  
B e l l  H e l i c o p t e r  Co.,  F o r t  Worth.  

7. DAMPS R o u t i n e s  f o r  H y b r i d  Programming;  e x t e n s i o n s  
t o  DAMPS p r e p a r e d  by  B e l l  H e l i c o p t e r  Co. ,  F o r t  Worth.  

- 
8 .  DAMPS and FORTRAN - Programming N o t e s ,  B e l l  

H e l i c o p t e r  C o . ,  F o r t  Worth.  

9 .  J o b  C o n t r o l  Language f o r  H y b r i d  Programmers ,  
Memorandum, U n i v e r s i t y  o f  H o u s t o n ,  E n g i n e e r i n g  
Sys t ems  S i m u l a t i o n  Lab. 
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10 .  S e r i e s  H y b r i d  E x e c u t i v e  R o u t i n e s  - a s e t  o f  
s i m p l i f i e d  i m m e d i a t e  e x e c u t i o n  h y b r i d  1/0 r o u t i n e s  
f o r  b e g i n n i n g  u s e r s  and  s i m p l e  h y b r i d  p r o g r a m s ,  
U n i v e r s i t y  o f  Hous ton ,  E n g i n e e r i n g  Sys tems S i m u l a t i o n  
Lab. 

The programming l a n g u a g e  for t h e  u s e r  i s  PS/44 FORTRAN I V  

f o r  t h e  I B M  360/44 b a s i c a l l y  e q u i v a l e n t  t o  OS/360 FORTRAN I V  G .  
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EGR 630 Hybrid Computation 

System Identification Problem 

A' distributed parameter system receives as input three 
variables Ao, Bo, 6: and produces as output A f ,  Bf, Cf. 
The governing differential equations f o r  the system are 
assumed to be: 

0 

x - 1  max- 

' dA - - - -klA f k2B 
dx 

dB - = klA - k2B I- kqC - k3B ax 

k4C 
dc - = k3B - dx 

where x is the scaled independent space variable. 
The maximum. values of A ,  B, C are all 1.0, but scaling 

should be carefully considered anyway. 

The unknown parameters kl, kZ, k3, k4 are to be deter- 
mined from a set of ten experimental runs on the physical 
sys tern. 



OBSERVED DATA 

Run 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 

the 

AO 

-80 . 
75 

1.0 
10 
0 

-25 
95 
40 
0 

50 

Bo 
.10 
.15 
0. 
0 
50 
50 
0' 
820 
0 

0 

10 
.10 

0 

090 
.50 
25 
-05 
- 4 0  

1. 
50 

Q286 
l 0277 
,0323 
.Olll 
0111 
0176 
0317 
eo200 
-0094 
.0211 

Bf 
.1333 
.1317 
.1410 
.lo32 
.lo42 
.1150 
-1390 
-1192 
- 0 9 8 8  

.1200 

cf 
.8392 
-8415 
-8282 
8860 
.8850 
-8685 
-8300 
,8610 
.8923 
-8600 

Develop a hybrid program which iteratively generates 
ten experimental conditions and computes a global error 

criterion (y = Af, Bf or Cf) i: 
2 C(yi obs - yi calc) 

This error is transmitted through a DAC to the analog 
computer digital voitmeter. 
is wired to DVM IN. 
by the digital between every repetitive operation cycle. 
The "best" set of ki can be found by manually adjusting the 
pots which represent them and minimizing the error. 

DVM mode on PP and DAC output 
C are reset Bo' 0 

Initial conditions Aor 

Develop a hybrid program which automatically searches 
for the best set of ki. 
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v 

Contro l  - Delay 

EGR 630 . HYBRID COMPUTATION 

. Problem 2 

A chemical r e a c t o r  r e c e i v e s  a 
c o n t r o l l e d  i n p u t  of .a s o l v e n t ,  
and t h e  f l o w  of r e a c t a n t  i s  ' 

c o n t r o l l e d  by t h e  concent ra t ion  
of  product ,  B which must n o t  
exceed 1 . 3  lb /ga l .  

Solvent  , 

Reactant  

. -. --. 

I 

V 

'a 

cB 
v 

Product 
,"A1 

Dynamic.materia1 ba lances  on A and B are as f o l l o w s :  

- C g  (Q, + QA) 
2 dCA Q C + PAQA - CA (Q, + Q,) - kCAV = V - 

A. d t  

2 dCB + kCAV = V - 
. d t  

where : 

Q, = Flow of s o l v e n t  = 50  gal/min 
QA = flow of r e a c t a n t  = 1 0  gal/min 

= s o l v e n t  concen t r a t ion  of A = 0 . 4  l b /ga l  
0 

'A 

PA = r e a c t a n t  d e n s i t y  = 9 .04  l b / g a l  
k = r e a c t i o n  ra te  c o n s t a n t  = 0.1418 g a l / ( l b  - min) 

-- 

V = r e a c t o r  volume = 600 g a l  
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EGR 630 

Steadv S ta te  Values: Maximum Values : 

Q, = 50 gal/rnin Q, = 70 gal/min 

QA = 10 gal/min QA = 20 gal/min 

cA = 0.84 l b / g a l  . cA = 1.5 lb /ga l  

CB = 1 . 0  l b /ga l  CB = 1.3 lb /ga l  

C = 0 . 4  l b /ga l  CA = 2.0 l b /ga l  
A. 0 

The c o n t r o l l e r  i s  a d e r i v a t i v e - i n t e g r a l  c o n t r o l l e r  where 

and M ( s )  = L ( m ( t )  
E ( s )  = . L  e ( t )  
m ( t )  = QA - AA ( s teady  s t a t e )  

Kc = 1 0 0 ;  TI = 15. ; To = 3.3 

The de lay  due t o  sampling may be approximated by a second 
o rde r  Pad6 form (p .  227 EA1 Handbook of Analog Computation). 

P l o t  t h e  system responser  CB on a s t r i p  c h a r t  recorder  
for  a s t e p  change i n  C B ( s e t ) '  from 1 . 0  t o  1.1 . A l s o  f o r  a .- 

change i n  s o l v e n t  flow from 50. t o  70 gal/min. 
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R e l a t e d  R e s e a r c h  i n  I n f o r m a t i o n  P r o c e s s i n g  S y s t e m s  

O N R  C o n t r a c t  N 0 0 0 1 4 - 6 8 - A - 0 1 5 1  
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1. INTRODUCTION 

This document assumes that the user is familiar 
with the related System/360 Model 44 Program- 
ming System and equipment. For a complete outline 
of the prerequisite manuals, please refer to the 
bibliography. 

1.1 OBJECTIVES 

DAMPS is an operating system designed to support 
the System/360 Model 44 in a variety of scientific 
and engineering applications. By partitioning stor- 
age, DAMPS is able to support two completely inde- 
pendent operations. The background partition 
supports a normal Model 44 P/S job stream con- 
taining routine engineering and data processing 
applications, while the foreground partition supports 
the real-time online applications. It allows the user 
to take advantage of the System/360 Model 44's com- 
puting power while also using its capability for rapid 
response to external events. A high degree of 
machine independence in the system helps the user 
to take advantage of the throughput and response 
without close attention to the computer's character- 
istics. 

The system has been developed as an extension of 
the System/360 Model 44 P/S. In addition to using 
the special DAMPS features, the real-time program- 
mer can take advantage of all of the facilities in the 
Systemf360 Model 44 P/S. The extensions to the 
Model 44 P/S provide the foreground partition with 
the capability to: 

0 Identify priority interrupt routines to operate 
in immediate response to priority interrupts 

0 Accomplish a broad range of processing and 
input/output at the priority interrupt level 

0 Schedule foreground routines to operate in 
priority sequence while no priority routines are 
active 
At the same time, the background partition is 
capable of executing any job compatible with the 
Model 44 P/S. 

the foreground partition appear as new supervisor 
calls (SVC's) in the System/360 Model 44 P/S. To 
facilitate FORTRAN programming, a companion set 
of FORTRAN subroutines has been added to the 
library. JDbs in both partitions are initiated and 
terminated independently. 

From an external point of view, the extensions in 

1.2 MACHINE-ORIENTED CONCEPTS 

The performance of DAMPS is based on two pro- 
gramming techniques involving special equipment 
features. The first, which is based on the 

Priority Interrupt special feature, establishes 
program tasks to operate in immediate response to 
external events. In this way, the system is always 
processing the highest level of active priority. The 
second, which is based on the high-resolution 
interval timer, assures that foreground processing 
is properly rescheduled after periods of priority 
interrupt processing. 

support priority interrupt processing. If the task 
in progress at the time of a priority interrupt is to 
be resumed later, the status of the computer must 
be preserved. In order to accomplish this, the 
status must be saved at interrupt time and restored 
at interrupt completion. The DAMPS system 
normally accomplishes this preservation by storing 
and restoring the status of the computer for all 
priority interrupts. Because DAMPS assumes that 
all priority interrupt routines will compute and 
execute input/output, all of the related registers 
and words are preserved. The basic data involved 
are: 

Special action must be taken by the supervisor to 

General registers (16) 
Floating point registers 
Channel status word 
Channel address word 
Old input/output program status word (PSW) 

When the priority interrupt routine is set up, 
several options are available that give the user a 
choice as to the amount of data to be preserved. 

1.3 PROGRAMMING-ORIENTED CONCEPTS 

DAMPS runs two jobs simultaneously--one back- 
ground job (BGJ) and one real-time job (RTJ). Each 
job is provided a fixed partition--the BGJ runs in 
the background partition, and the RTJ runs in the 
foreground partition. The background partition is 
compatible with the Model 44 P/S. Any job that 
will run on the Model 44 P/S supervisor will also 
run in the background, provided that enough space 
has been allocated for the partition. The foreground 
partition is reserved for RTJ's. Each RTJ is 
composed of real-time tasks (RTT's) and fore- 
ground tasks (FGT's). 

Two modes of operation are available under 
DAMPS. The partitions run one RTJ and one BGJ 
simultaneously, o r  a single large RTJ. The latter 
mode is comparable to running an RTJ under 
DAMPS Version 1. 

These four concepts--the BGJ, the RTT, the 
FGT, and the RTJ--are thefundamental concepts of 
DAMPS and are discussed in detail in the following 
paragraphs. 
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1.3.1 Background Job (BGJ) 

The background partition functions just as if 
Model 44 P/S were in control. However, it is 
multiprogrammed at the lowest priority. It ex- 
ecutes only while there is no demand for the re- 
quired facilities from the foreground partition. 
Any standard Model 44 P/S job can be executed 
provided that: 

1. It is not time dependent. 
2. It fits in the allocated background partition. 

The time-dependency restriction follows from 
multiprogramming--the length of time a given set 
of code will take to execute cannot be predicted. 
The partition allocations of the distributed system 
can be modified as described in the DAMPS System 
Manual. 

Any type of data processing o r  scientific appli- 
cation program can be executed in the background 
partition. However, one of the key uses of the 
background normally is preparation of RTJ's. All 
RTJPs are fetched from the phase library, where 
they were placed by a Model 44 P/S job from the 
background. All jobs are assembled o r  compiled, 
link-edited, and placed in the system's single 
phase library by a BGJ. The phase library is the 
only library that both partitions can access. Care 
should be taken to avoid changing a particular 
entry from the background partition while the fore- 
ground partition is attempting to fetch it. 

1.3.2 Real-Time Task (RTT) 

An RTT is a user-written subroutine that receives 
control as a direct resul't of a priority interrupt. 
The RTT must subsequently relinquish control by 
executing a special supervisor call. While an RTT 
is in control, it can be interrupted only by a higher 
level priority. When the priority interrupt occurs, 
its associated new PSW becomes the current PSW, 
and a hardware latch is set precluding other than 
higher level interrupts. This latch is reset by a 
Load PSW special instruction, normally executed by 
the supervisor, after which the next lower level of 
processing resumes. In this manner, the highest 
active level of priority is always in control of the 
computer. 

must be accomplished on a priority interrupt basis 
in direct and immediate response to external events. 
The task associated with the highest level of priority 
will receive immediate attention at all times. The 
precise level of priority selected for a given RTT is 
a function of the application in which the RTT takes 
part. Any function performed that does not require 
direct response should be relegated to an FGT. 

The RTT concept is designed for processing that 

Because RTT's are executed on a priority interrupt 
basis, they are not allowed to use the supervisor 
facilities of the Model 44 P/S--these facilities are 
not reentrant. Therefore, a programmer coding in 
Assembler Language cannot use the Model 44 P/S 
SVC routines, and the FORTRAN programmer cannot 
use FORTRAN input/output statements. A complete 
set of new DAMPS supervisor calls and FORTRAN 
subroutines has been added to provide a full data 
processing capability at the priority interrupt level. 
The new facilities are described in detail in section 
2. 

1.3.3 Foreground Task (FGT) 

An FGT is a user-written subroutine that is 
scheduled for execution at the user's request and 
initiated by the supervisor. The programmer places 
the request and the desired priority in one of four 
queues by a special supervisor call in either an 
RTT o r  an FGT. 

FGT's are processed while no priority interrupts 
are active. Each queue has an inherent priority. 
The system tends to process FGT's from the highest 
level queue in priority sequence. The current FGT 
must relinquish control by executing a special super- 
visor call before the next FGT in the same queue can 
be initiated. 
the supervisor processes FGT's from the next 
lower queue. When the wait is satisfied, control 
is returned to the higher priority queue. While no 
FGT's are active, control is given to the back- 
ground partition. 

The FGT is designed for processing that need 
not be executed in immediate response to an ex- 
ternal event. A typical application of multiple 
queues involves only two queues. The higher level 
queue contains requests for execution of I/O- 
bound FGT's, while the lower contains requests 
for compute-bound FGT's. In this example, 
maximum efficiency of FGT processing is achieved. 
A variation of this application could contain a 
single, nonterminating FGT in the higher queue and 
a series of compute-bound FGT's in the lower 
queue. Another variation could involve a single 
nonterminating compute-bound FGT in the lower 
queue. The latter variation is the equivalent of 
straight multiprogramming between tasks, or 
multitasking. The variations are endless. How- 
ever, remember that DAMPS is a priority-based 
system, always tending toward processing the 
highest priority work. If the demand for high- 
priority work is continuous, the lower level work 
may never get done. For instance, if a queue con- 
taining requests for compute-bound FGT's never 
empties, lower queues and background will never 

Any time a "wait" is encountered, 
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be serviced. If this condition is reached, work 
should be redistributed. If it cannot be redistri- 
buted, the capacity for the job probably is insuf- 
f icient . 
P/S facilities, in addition to the new DAMPS 
supervisor calls and FORTRAN subroutines. The 
FGTPs within a queue can freely share subroutines. 
Subroutines shared by FGT's in different queues 
must be reentrant. This restriction applies to the 
IBCOM routines in FORTRAN and implies that the 
standard FORTRAN input/output statements are 
generally restricted to a single queue. This 
restriction does not apply to the DAMPS FORTRAN 
subroutines. 

FGT's are allowed to use all of the Model 44 

1.3.4 Real-Time Job (RTJ) 

An RTJ is a collection of RTT's and FGT's that a 
user wishes to handle as an independent program. 
No system constraint exists on the number of 
FGT's in an RTJ; however, no more than 32 RTT's 
are allowed in any RTJ. This constraint is im- 
posed by the hardware. 

An RTJ can be executed in the foreground 
partition, where it is multiprogrammed with a 
BGJ, or  it can be run by itself as a single, large 
RTJ using both partitions. In either case, the RTJ 
can contain only one job step. RTJ's are prepared 
using the assembler, compiler, and linkage editor 
of the Model 44 P/S, which execute in the DAMPS 
background partition, 

An RTJ is initiated in the foreground partition 
from the console typewriter. It is multiprogrammed 
with a BGJ if one is currently running or  sub- 
sequently initiated. The initial phase of the job 
must be in the phase library at load time, and sub- 
sequent phases must be there when they are fetched 
by the initial or subsequent phases. Phases are 
placed in the phase library by a BGJ (that is, the 
linkage editor), the only restriction being that a 
phase should not be undergoing modification while it 
is being fetched. 

An RTJ to be run in both partitions is initiated 
from the normal system input unit just as if it were 
a Model 44 P/S job, with two distinctions: it can 
consist of only one job step, and an RTJOB job 
control statement is used in place of JOB. Multiple- 
step JOBss cannot be run in this mode--only single- 
step RTJOBPs. 

An RTJ in either mode will act like a normal 
Model 44 P/S job until it executes a special super- 
visor call allowing it to use the DAMPS facilities. 
These facilities are  described in detail in section 
2. RTJ's may be coded in either FORTRAN or 
Assembler Language. The appropriate techniques 
are described in detail in section 3. 

1.4 SYSTEM-ORIENTED CONCEPTS 

When DAMPS is functioning in the two-partition 
mode, it functions on three levels: the priority 
interrupt level, the foreground level, and the 
background level. 

When no priority interrupt levels are active, the 
system i s  functioning at the foreground level or the 
background level, that is ,  executing an FGT or the 
BGJ. When there is no demand for FGT processing, 
the system will execute in the background. This 
condition arises when the task queues are empty or  
all the active FGT's are waiting. As soon as a wait 
condition is cleared for an FGT, control is returned 
to the foreground level. The supervisor auto- 
matically stores and restores the appropriate 
registers during this status switching, 

transferred to the associated RTT, and the status 
of the computer is saved. At the same time a hard- 
ware latch is set that holds off interrupts from the 
same o r  lower levels while allowing those from a 
higher level to be taken. When the RTT completes 
its processing, the associated hardware latch is 
reset, and control is given to the next lower level of 
priority requiring service. When the next lower 
level is a priority interrupt that was held off in the 
interim, the interrupt is taken. When the next 
lower level was a formally interrupted RTT, FGT, 
o r  BGJ, the computer status is restored, and 
control is generally returned to the point of inter- 
ruption. If the BGJ was interrupted, and in the 
interim a demand for foreground processing was 
generated, control is returned to the foreground 
immediately. In this manner, the system is 
always executing the RTT associated with the 
highest level of priority requiring service. 

Two examples are provided to illustrate the 
principles of DAMPS operation. 
Example 1: Assume that the current RTJ con- 
tains two FGT's and five RTT's. At the opening 
of the example, FGT A has started executing at 

When a priority interrupt is taken, control is 
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priority 1, and an additional FGT request is i n  
foreground task queue 1 as follows: 

e 

1 
$ I 
"I 0 

; 
64 

FGT 
B 
- 

2 0  

1 PIL 30 

2 PIL 3 

3 PIL 1 

4 PIL 2 

Priority 
2 

The RTT's are associated with the PIL's as 
follows: 

RTT - PIL 
A 30 
B 29 
C 3 
D 2 
E 1 

Assume that the following sequence of interrupts 
occurs: 

30, 3, 1, 2, 29 

and that there is an interval of one time unit 
between each interrupt. Assume that each FGT 
and RTT requires two units of execution time, and 
that the first interrupt occurs after one unit of 
problem time. 

Execution time of the problem is 14 units of time. 
The key events are outlined in the following table. 

The sequence of execution is depicted in Figure 1. 

Units 
of 

Time 

0 

1 

- 

2 

3 

4 

5 

7 

8 

10 

11 

12 

14 

Events 

FGT A is initiated. 

PIL 30 is taken; FGT A status is saved; 
RTT A is initiated. 
PIL 3 is taken; RTT A status is saved; 
RTT C is initiated. 

PIL 1 is taken; RTT C status is saved; 
RTT E is initiated. 

PIL 2 OCCUTS. 

PIL 1 resets; PIL 2 is taken; RTT D is 
initiated; PIL 29 occurs. 

PIL 2 releases; RTT C is restored; 
RTT C continues. 

PIL 29 is taken; RTT B is initiated. 

PIL 29 releases; RTT A is restored; 
RTT A continues. 

PIL 30 releases; FGT A is restored; 
FGT A continues. 

FGT A completes; FGT B initiates. 

FGT B completes; problem ends. 

Level of operation 

Time Event Foreground l eve l  Priority interrupt l eve l  

30 2 9 - - - 3  2 1 

6 

Figure 1. Sequence of execution, Example 1 
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Example 2: Assume that the RTT's of Example 1 
had additional requests for FGT's A, B, and C into 
foreground task queues 0 and 2 as follows: 

Queue 0 Queue 1 (per Example 1) Queue 2 

FAT Priority FGT - Priority FGT Priority 

A 1 A 1 B 1 

B 2 C 2 C 2 

Assume that each FGT requires two units of 

Assume also that each FGT issues a wait after 
execution time. 

one unit of execution time, and that each wait lasts 
five units. 

The sequence of execution is depicted in Figure 
2. The key events are outlined in the following 
table. 

Level of operation 1 Time Background Foreground Priority interrupt 
level level level 

14 

15 

16 

17 

ia 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Notation: Amn 

2 1 0  30 29 

* 

Foreground task A in queue m at priority n. 

Figure 2. Sequence of execution, Example 2 
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Events Time - 
11 

12 

13 

1 7  

18 

1 9  

20 

2 1  

PIL 30 releases; FGT A01 is initiated. 

A01 status is saved; FGT A l l  is restored; 
FGT A l l  status is saved; FGT B21 is 
initiated (All had executed for 1 time unit 
during Example 1). 

FGT B21  status is saved; BGJ is restored. 

BGJ status is saved; FGT A01 is restored; 
A01 wait is satisfied; A l l  wait is satisfied. 

FGT A01 terminates; FGT BO2 is initiated; 
B21 wait is satisfied. 

F G T  BO2 status is saved; FGT A l l  is 
restored. 

FGT A l l  is terminated; FGT C12 is 
initiated. 

FGT C12 status is saved; FGT B21 is 
restored. 

22 

23 

24 

25 

26 

27 

28 

29 

30 

FGT B21 is terminated; F G T  C22 is 
initiated. 

FGT C22 status is saved; BGJ is restored. 

B F J  status is saved; FGT BO2 is restored; 
BO2 wait is satisfied. 

FGT BO2 is completed; BGJ is restored. 

BGJ status is saved; FGT C12 is restored; 
C12 wait is satisfied. 

FGT C12 is terminated; BGJ is restored. 

BGJ is restored; C22 is restored; C22 
wait is satisfied. 

F G J  C22 is terminated; BGJ is restored. 

BGJ continues until some RTT reschedules 
foreground. 
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2. LANGUAGE 

In addition to the features of Model 44 PIS, the 
following extensions are  available for use in RTJ's. 
They were designed to meet the real-time, online 
requirements of DAMPS applications. If any of 
these special calls a r e  executed in a BGJ, the job 
will be canceled. 

The extensions to the System/360 Model 44 PIS 
that comprise the additional features for RTJ's are 
based on additional SVC's. The new SVC's have a 
companion set of FORTRAN subroutines that make 
the extensions available to the FORTRAN program- 
mer. The additional FORTRAN subroutines also 
have a companion set of calls that the Assembler 
Language programmer may use. These SVC's and 
FORTRANIAssembler Language subroutines com- 
prise the language of DAMPS and are outlined in 
the following three sections. 

2.1 SUPERVISOR CALLS 

The following paragraphs describe the additional 
SVC's provided by DAMPS as extensions to the 
Model 44 PIS supervisor. 

2.1.1 IDENTRTJ (SVC 49)--Identify an RTJ 

The IDENTRTJ supervisor call is used to identify a 
real-time job. Before this supervisor call is 
executed, none of the DAMPS features can be used. 
The job appears as a standard System/360 Model 
44 P/S application. Any attempt to use a DAMPS 
supervisor call before execution of IDENTRTJ will 
cause the job to be canceled. 

IDENTRTJ supervisor call. 
No parameter list is associated with the 

2.1,2 SPABRTN (SVC 48)--Specify Abort Routine 

The SPABRTN supervisor call is used to specify 
an abort routine to the supervisor. If an abort 
routine has been specified, an attempt will be made 
to give control to it during any cancellation resulting 
from machine checks, program checks, and the 
RTCANCEL supervisor call. Terminations result- 
ing from the EORTJ supervisor call will not result 
in execution of the abort routine. Only one abort 
routine may be specified in each real-time job. 

machine in the supervisor state. All channels and 
The abort routine receives control with the 

interrupts are masked. The system may be unable 
to provide any information about the nature of the 
problem, and the results of any supervisor calls 
within the abort routine a re  difficult to predict. 
The abort routine can return to the supervisor to 
complete the cancellation procedure by executing a 
BR14 instruction. At this point, however, both the 
RTJ and BGJ will be canceled. When SPABRTN is 
executed, general register 1 must contain the 
absolute address of the abort routine. The follow- 
ing hexadecimal codes are returned in the low-order 
byte of general register 15 after execution of the 
SPABRTN supervisor call. 

- Code Meaning 
'00' The supervisor call has been executed 

successfully, and an abort routine 
has been established. 
An invalid entry point has been speci- 
fied, and an abort routine has not been 
established. The absolute address 
specified was not on a halfword 
boundary or was outside the limits of 
the application program. 

'04' 

2.1.3 MQUEUE (SVC 50)--Enter Request for FGT 
into Foreground Queue 

The Multiple Queuing supervisor call is used to 
enter a request for execution of a foreground task, 
with an associated task priority, into the specified 
foreground queue. The requests in any one fore- 
ground queue are honored in task-priority sequence. 
Multiprogramming among the four foreground 
queues is based on queue priority. 

When MQUEUE is executed, general register 1 
must contain the address of a parameter list. The 
list contains three fullwords and is aligned on a full- 
word boundary. Word zero of the list contains the 
priority of the request and the absolute address of 
the entry point of the requested foreground task. 
Task priorities range from zero to 127, with zero 
being the highest priority. Word 1 of the list may 
contain any bit pattern and is placed in general 
register 1 when the foreground task is given control. 
Word 1 in the parameter list is for the convenience 
of the applications programmer and is not used by 
the system. Word 2 contains a fullword value that 
indicates which of the four foreground queues is to 
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receive this request. The format of the parameter 
list is: 

Field Contents 
Word 0 

Bits 0-7 A binary number from 0 - 127 
representing the priority of the 
request 
The absolute address of the entry 
point of the foreground task 

be contained in register 1 when 
the FGT receives control. 
One fullword binary value identi- 
fying the foreground queue into 
which this request should be 
entered. There are  four fore- 
ground queues, identified as 0, 1 ,  
2 ,  or  3. The highest priority 
queue is zero. 

After completion of the SVC MQUEUE, control is 
returned to the applications program with a 
hexadecimal return code in the low-order byte of 
general register 15: 

Bits 8-31 

Word 1 Any bit pattern. This value will 

Word 2 

Code Meaning 
'00' 
- 

The FGT was successfully placed 
in the foreground queue. 
An invalid priority (not 0 - 127) 
was contained in bits 0 - 7 of word 1 
in the parameter list. 
The entry point to the foreground 
task was invalid. The address 
either was not within the real-time 
job partition or was not on a half- 
word boundary. 

was full. 
The address of the parameter list 
was invalid. The address either was 
not within the real-time job 
partition or was not on a fullword 
boundary. 
An invalid queue was specified 
(not 0 - 3). 

'OF' 

'FO' 

'FF' The particular foreground queue 

'04' 

'08' 

If any invalid conditions are indicated, the request 
is not honored. Only if the return code is '00' was 
the FGT successfully placed in the appropriate 
queue. 

2.1 .4  MDEQUE (SVC 51)--Delete Previous 
Request for FGT from Foreground Queue 

The MDEQUE supervisor call is used to delete a 
previous request for execution of a foreground 
task. The unqueue request, which is actually 
placed in the specified foreground queue, is 
honored just before the next foreground scheduling 
of that queue. A queue request is identified on the 

basis of its entry point and associated task priority, 
in addition to its particular foreground queue. 

When MDEQUE is executed, general register 1 
must contain the address of aparameter list. The 
list contains three fullwords aligned on a fullword 
boundary. The first word contains the task 
priority and entry point address of the request to 
be deleted. The second word may contain anything. 
It must be provided for alignment only. The third 
word specifies the foreground queue. Just before 
scheduling the next foreground task, al l  queue 
requests in the appropriate foreground queue that 
exactly match both the priority and entry point of 
the unqueue request are deleted. The format of the 
parameter list is: 

Field Contents 
Word 0 

Bits 0-7 A binary number from 0 - 127 
representing the priority of the 
queue request that is to be 
deleted 
The absolute address of the entry 
point of the queue request that 
is to be deleted 
Used for alignment of the third 
word; may contain anything 
A binary number from 0 - 3 
indicating which of the foreground 
queues is to be affected 

Bits 8-31 

Word 1 

Word 2 

After completion of the SVC, control is returned to 
the application program with a hexadecimal return 
code in the low-order byte of general register 15: 

Code Meaning 
'00' 
- 

The SVC MDEQUE request was 
successfully placed in the appropriate 
foreground queue. 
An invalid task priority was contained 
in bits 0 - 7 of the first word in the 
parameter list. 
The address of the entry point to the 
foreground task was invalid. The 
address either was not contained in 
the real-time job partition or was not 
on a halfword boundary. 
The specified foreground queue was 
full. 
The address for the parameter list 
was invalid. The address either was 
not contained in the real-time job 
partition or did not indicate a fullword 
boundary. 
An invalid foreground queue was indi- 
cated (not 0 - 3). 

'OF' 

'FO' 

IFFP 

04O 

'08' 

If any invalid conditions are indicated, the request 
is not placed in the queue. Only if the return code 
is '00' was the entry made in the queue. 



2.1.5 DONE (SVC 39)--Terminate an FGT 

The DONE supervisor call is used to terminate a 
foreground task. Control is returned to the super- 
visor, and the foreground task request with the 
highest priority in the same foreground queue is 
initiated. If multiple requests of the same priority 
are found, the oldest entry is honored first. 

If a DONE supervisor call is executed in any 
routine other than an FGT, the job will be canceled. 
If no DONE supervisor call is executed, no sub- 
sequent FGT requests within the same queue will be 
rescheduled. Also, unless a wait is executed, none 
of the FGT requests in lower queues and the BGJ 
will be executed. 

2.1.6 ATTACH (SVC 32)--Assign an RTT to a PIL 

The ATTACH supervisor call is used to assign a 
specific real-time task to a specific priority inter- 
rupt level. Subsequent priority interrupts at the 
given level will cause control to be transferred to 
the associated real-time task. The ATTACH super- 
visor call does not enable the priority interrupt 
level--this is the function of the ENPILS supervisor 
C a l l .  

Three options of the supervisor call are available, 
providing for various levels of supervisor control 
at priority interrupt time: 

1. The user may elect to have the supervisor 
accomplish all the necessary housekeeping at inter- 
rupt time (a "controlled RTT"). 

2. The user may elect to have the real-time 
task assume the responsibility for housekeeping 
(an "uncontrolled RTT"). 

3. The user may elect to convert a real-time 
task from uncontrolled to controlled mode via the 
CONVERT supervisor call during the RTT execution 
(a %onvertible RTT"). 

Controlled real-time tasks receive control in 
problem state with all necessary register saving 
accomplished. Uncontrolled real-time tasks 
receive control directly as a result of the associated 
priority interrupt with no registers saved. The 
uncontrolled real-time task is totally responsible for 
preserving the status of the system and is not allowed 
to use any supervisor calls. However, the uncon- 
trolled RTT can convert to controlled during exe- 
cution by issuing the CONVERT supervisor call. 
The techniques for conversion are explained in more 
detail in section 3.1.5. 

After the CONVERT supervisor call is completed, 
control is returned to the real-time task in problem 
state, and all the system supervisor calls may be 
used. Subsequent priority interrupts will initiate 
the real-time task in the uncontrolled mode. 

When ATTACH is executed, general register 1 
must contain the address of a parameter list. The 
list must contain four fullwords and must be align- 
ed on a fullword boundary. Word 0 contains the 
absolute address of the entry point of the real-time 
task. Word 1 of the list contains the absolute 
address of a 61-word save area, which must be 
aligned on a doubleword boundary. The first half- 
word of word 2 in the list contains the hexadecimal 
representation of the priority interrupt level. The 
third byte of word 2 contains an indication of the 
selected option, and the fourth byte is zero. Word 
3 of the list contains the absolute address of a 
four-doubleword floating point save area aligned 
on a doubleword boundary. The floating point save 
area is optional. The format of the list is: 

Field Contents 
Word 0 

Word 1 

The absolute address of the entry 
point of the real-time task 
The absolute address of a 61-word 
save area aligned on a doubleword 
boundary 

Bytes 1-2 The hexadecimal equivalent of 0 - 31 
representing the priority interrupt 
level to be attached. Zero is the 
highest level of priority. 
A hexadecimal indicator for the 
selected option: 
'OO'-- The RTT is to be uncontroll- 

ed. The 61-word save area 
is not required if this option 
is selected. 

uncontrolled but may be con- 
verted to a controlled task 
during execution (a convert- 
ible RTT). 

controlled. 

Word 2 

Byte 3 

'OF'-- The RTT is to be initially 

'FF'-- The real-time task is to be 

Byte 4 '00' 
Word 3 The address of a four-doubleword 

floating point save area on a double- 
word boundary, or  zero if floating 
point registers need not be saved. 

Inconsistencies in the request, such as a priority 
level greater than 31 o r  an entry point outside the 
problem program area, will cause the job to be 
canceled. 

2.1.7 CONVERT (SVC 36)--Convert Uncontrolled 
RTT to Controlled Mode 

The CONVERT supervisor call is used to convert a 
convertible real-time task to the controlled mode. 
The supervisor call is used during execution of the 
real-time task and allows the remainder of the task 
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to use the facilities of DAMPS. The option for 
converting must have been selected in the ATTACH 
supervisor call at the time the task was created. 
Termination of the RTT will be via the RETURN 
supervisor call. CONVERT must be executed 
before other SVC's each time the RTT is activated. 

The CONVERT supervisor call has no parameter 
list. Three procedures must be observed before 
execution of the supervisor call: 

1. The first instruction in the real-time task 
must save general register 15 in the LOWWORD 
for a particular priority interrupt level. The 
absolute address set aside by DAMPS for each LOW- 
WORD is given in Appendix B. 

tell the system which priority interrupt level is 
being converted. The program branches directly to 
ALLOW, with the return address to the RTT in 
general register 14 and the priority interrupt level 
in general register 13. The absolute address of 
ALLOW is given in Appendix B. 

3. General registers 1 - 14 must contain the 
same data as they did when the priority interrupt 
occurred so that the system can assume responsibil- 
ity for the proper restoration of these registers. 

CONVERT supervisor call will cause the job to be 
canceled. However, because uncontrolled and con- 
vertible RTT's run in supervisor state, the DAMPS 
supervisor is not aware that these routines are in 
control. Consequently, the diagnostic protection is 
weak. 

2. The ALLOW subroutine must be executed to 

Any irregularities recognized during the 

2.1.8 ALLOW (Subroutine)--Allow an RTT to Issue 
a CONVERT 

The ALLOW subroutine is used to allow a real-time 
task to execute the CONVERT supervisor call. It is 
required to identify the priority interrupt level of the 
associated real-time task to the DAMPS supervisor. 

ALLOW may be executed by loading a value equal 
to the priority interrupt level into general register 
13 and branching directly to ALLOW, with general 
register 14 containing the return address to the RTT. 
The absolute address of ALLOW is given in Appen- 
dix B. 

cause the job to be canceled. 
Any irregularities recognized during ALLOW will 

2.1.9 RETURN (SVC 35)--Terminate an RTT 

The RETURN supervisor call is used to terminate a 
real-time task. Control is returned to the next 
lower real-time task, when one is active. If no 
RTT's are  active, control is returned to the fore- 
ground or background. 

If a RETURN supervisor call is executed in any 
routine other than an RTT, the job will be canceled. 
If the RETURN supervisor call is omitted, control 
will never be returned to the point of interruption., 

2.1.10 DISPILS (SVC 34)--Disable Priority 
Interrupt Levels 

The DISPILS supervisor call is used to disable 
priority interrupt levels. All of the levels indicated 
in an individual call are disabled simultaneously. 

When the DISPILS supervisor call is executed, 
general register 1 must contain the address of a 
parameter list. The parameter list contains from 
3 to 34 bytes, depending on the number of priority 
interrupt levels to be disabled. Byte 0 contains 
either a hexadecimal '00' or  a hexadecimal IFF', 
and byte 1 indicates the number of referenced 
priority interrupt levels. Each of the remaining 
bytes contains the hexadecimal equivalent of a 
decimal number from 0 - 31, indicating a distinct 
level to be disabled. The format of the parameter 
list is : 

Contents 
A hexadecimal '00' or  'FF'. Any 

Byte 
0 

other combination is invalid. 
The number of priority interrupt 
levels to be disabled by this super- 
visor call in hexadecimal. Any 
number greater than 32 or less than 
1 is invalid. 
One byte, containing the hexadecimal 
equivalent of 0 - 31, for each priority 

number greater than 31 is invalid. 
Any invalid conditions, such as disabling a PIL 
without an RTT attached, will cause the job to be 
canceled 

1 

2 

33 interrupt level to be disabled. Any 

2.1.11 ENPILS (SVC 33)--Enable Priority Inter- 
rupt Levels 

The ENPILS supervisor call is used to enable 
priority interrupt levels. All of the levels indicat- 
ed in an individual call are enabled simultaneously. 
Pending interrupts on the indicated levels will be 
cleared if the reset option is exercised. 

When the ENPILS supervisor call is executed, 
general register 1 must contain the address of a 
parameter list. The parameter list contains from 
3 to 34 bytes, depending on the number of priority 
interrupt levels to be enabled. Byte 0 indicates 
whether the reset option is selected, and byte 1 
indicates the number of referenced priority inter- 
rupt levels. Each of the remaining bytes contains 
the hexadecimal equivalent of a decimal number 
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from 0 - 31, indicating a distinct level to be enabled. 
The format of the parameter list is: 

Contents 
An indicator for the reset option. A 
hexadecimal FF indicates that pend- 
ing interrupts are to be reset, and a 
hexadecimal 00' indicates the con- 
verse. All other settings are invalid. 
The number of priority interrupt levels 
to be enabled with this supervisor call 
in hexadecimal. Any number greater 
than 32 or  less than 1 is invalid. 

2 One byte, containing the hexadecimal 
equivalent of 0 - 31, for each priority 

33 interrupt level to be enabled. Any 
number greater than 31 is invalid. 

Any invalid conditions, such as enabling a PIL 
without an RTT attached, will cause the job to be 
canceled. 

syte  
0 

1 

2.1.12 RTCANCEL (SVC 47)--Cancel an RTJ 

The RTCANCEL supervisor call is used for abnor- 
mal termination of an RTJ. If an abort routine is 
specified, it is given control immediately after 
'execution of RTCANCEL. If the abort routine 
returns control to the supervisor, a system dump 
is provided, and both the RTJ and BGJ are canceled. 
If the abort routine does not return, DAMPS is no 
longer in control. If the RTCANCEL occurs in an 
RTT, both the RTJ and BGJ are  canceled, and a 
system dump is provided. If the RTCANCEL occurs 
in an FGT, the BGJ is not canceled, and a system 
dump is not provided unless the DUMP option was 
specified as a job control parameter. In either 
case, an error  message is printed on the console 
typewriter. 

2.1.13 EORTJ (SVC 46)--End of an RTJ 

The EORTJ supervisor call is used for normal 
termination of an RTJ. RTCANCEL is used for 
abnormal terminations. After EORTJ has been 
executed, control is returned to the supervisor, 
which initiates loading the next job. Failure to end 
an RTJ in this manner may result in interference 
with later jobs. 

The EORTJ supervisor call should be executed 
in an FGT. If it is executed in an RTT, it is treat- 
ed as an RTCANCEL executed in an RTT; that is, 
both the BGJ and RTJ are canceled, a system dump 
is provided, and a message is printed on the console 
typewriter. 

No parameter list is associated with the EORTJ 
supervisor call, 

2.1.14 RTIO (SVC 43)--Execute Real-Time 1/0 

The RTIO supervisor call is used to execute input/ 
output operations via the real-time channel 
scheduler e 

When the RTIO supervisor call is executed, 
general register 1 must contain the address of a 
request control block (RCB) that defines the de- 
sired operation. For a description of the RCB, see 
3.2..6. 

will result in job cancellation. 
An invalid or unassigned SYSUNIT index value 

2.1.15 MASK/UNMASK (SVC 44/45)--Control 
I/O Interrupts 

The MASK and UNMASK supervisor calls are used 
to enable and disable 1/0 interrupts. 

executed, general register 1 must contain the 
address of a byte that specifies, in bit positions 
0 - 2 ,  the desired setting of the channel mask 
portion of the system mask. If interruptions from ' 

the non-real-time devices are to be accepted during 
RTTPs, the high-resolution interval timer is 
required. 

When the MASK or UNMASK supervisor call is 

2.1.16 RDDWORD (SVC 40)--Read Direct Word 

The RDDWORD supervisor call is used in conjunc- 
tion with the Direct Word feature. Execution of 
this supervisor call causes acceptance of 32 bits of 
data from the direct-in lines of the Direct Word 
feature, in conjunction with outputting eight timing 
pulses and a readout pulse. 

General register 1 contains the absolute address 
of a fullword for the 32 static signals on the direct- 
in lines. The word must be on a fullword boundary. 
General register 1 also indicates polarities for the 
eight timing pulses. The readout pulse is provided 
automatically by the supervisor call. General 
register 15 will contain a completion code when 
control is returned after the supervisor call. 

The format of general register 1 is: 
Field Meaning - 

Bits 0 - 7 A representation of the polarity 
for the eight timing pulses 
The absolute address of a fullword 
for receiving the data on the 32 
static direct-in lines 

Bits 8 - 31 
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The hexadecimal return codes in general 

Code Meaning 
'00' 

register 15 are: 
- 

The operation was successfully in- 
itiated. 
The input area was not within the 
bounds of the application program 
or was not on a fullword boundary. 
The operation was not initiated. 

'04' 

2.1.17 WTDWORD (SVC 4l)--Write Direct Word 

The WTDWORD supervisor call is used in conjunc- 
tion with the Direct Word feature. Execution of 
this supervisor call provides 32 static signals on 
the direct-out lines of the Direct Word feature, in 
conjunction with outputting eight timing pulses and 
a writeout pulse. 

of a fullword containing the 32 static signals for 
the direct-out lines. The word must be on a full- 
word boundary. General register 1 also indicates 
polarities for the eight timing pulses. The write- 
out phase is provided automatically by the super- 
visor. General register 15 will contain a completion 
code when control is returned after the supervisor 
call. 

General Register 1 contains the absolute address 

The format for general register 1 is: 
Field Contents 

A representation of the polarities for 
the eight timing pulses 
The absolute address of a fullword 
containing a representation of the po- 
larities for the 32 static signals for the 
direc t-out line 

The hexadecimal return codes in general register 

Bits 0 - 7 
Bits 8 - 31 

15 are  
Code Meanhg 
'00' 
- 

The operation was successfully initia- 
ted. 
The output area was not within the 
bounds of the application program or 
was not on a fullword boundary. The 
operation was not initiated. 

'04' 

2.1.18 INHIBIT BGJ (SVC 42) 

This supervisor call is used to inhibit background 
job processing. The INHIBIT SVC may be issued 
only from an FGT. No parameter list is associated 
with the INHIBIT supervisor call. Following suc- 
cessful execution of INHIBIT, the BGJ will not be 
given control until the BGJ is released. The BGJ is 
released when one of the following occurs: 

1. The RTJ issues a RELEASE BGJ supervisor 
call. 

2. The RTJ terminates for any reason. 
A return code is contained in the low-order byte of 
register 15: 

Code Meaning 
'00' 

'04' 

- 
The operation was successfully com- 
pleted; the BGJ is inhibited. 
The INHIBIT SVC was not issued from 
an FGT and therefore was ignored. 

2.1.19 RELEASE BGJ (SVC 52) 

This SVC is used when the BGJ is to be released 
after having been inhibited. The RELEASE BGJ 
supervisor call may be issued only from a fore- 
ground task. No parameter list exists for the 
RELEASE BGJ supervisor call. A return code is 
provided in the law-order byte d register 15: 

Code Meaning 
'00' The RELEASE BGJ SVC was success- 

fully computed 
The RELEASE BGJ was ignored because 
the SVC was not issued from an FGT. 

'04' 

2.1.20 QUEUE (SVC 37)--Enter Request for FGT 
into Foreground Queue 0 

The QUEUE supervisor call is used to enter a re- 
quest for execution of a foreground task, with an 
associated priority, into foreground queue 0, the 
highest priority queue. The requests in any fore- 
ground queue a re  honored in priority sequence. 

When QUEUE is executed, general register 1 
must contain the address of a parameter list. The 
list contains two fullwords and is aligned on a full- 
word boundary. Word 0 of the list contains the 
priority of the request and the absolute address of 
the entry point of the requested Foreground task. 
Foreground tasks may have multiple entry points. 
Priorities range from zero to 127, with zero being 
the highest priority. Word 1 of the list may contain 
any bit pattern and is placed in general register 1 
when the foreground task is given control. Word 1 
in the parameter list is for the convenience of the 
applications programmer and is not used by the 
system. The format of the parameter list is: 

Field 
Word 0 
.__ 

Contents 

Bits 0 - 7 A binary number from 0 - 127 
representing the priority of the 
request 
The absolute address of the entry 
point of the foreground task 

Any bit pattern for the transmittal 
to foreground task via general 
register 1 

Bits 8 - 31 

Word 1 
Bits 0 - 31 
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After completion of the SVC QUEUE, control is 
returned to the applications program with a hexa- 
decimal return code in the low-order byte of general 
register 15: 

Code Meaning 
'00' 

'OF' 

- 
The foreground task was successfully 
placed in foreground queue 0. 
An invalid priority was contained in 
bits 0 - 7 of word 0 in the parameter 
list. 
The entry point to the foreground task 
was invalid. The address either was 
not contained within the RTJ partition 
or was not on a halfword boundary. 
The foreground queue was full. DAMPS 
is distributed with 20 spaces in the 
queue. If this is insufficient, refer to 
the DAMPS Operations Manual. 
The address for the parameter list was 
invalid. The address either was not 
contained within the RTJ partition o r  
did not indicate a fullword boundary. 

If any invalid conditions are indicated, the re- 

was the entry successfully made in the fore- 

'FO' 

'FF' 

'04I 

quest is not honored. Only if the return code is 

ground queue. 

2.1.21 UNQUEUE (SVC 38) -- Delete Request for 
FGT from Foreground Queue 0 

The UNQUEUE supervisor call is used to delete 
from foreground queue 0 a previous request for 
execution of a foreground task. The unqueue re- 
quest, which is actually placed in foreground queue 
0, is honored just before the next foreground 
scheduling. A queue request is identified on the 
basis of its entry point and associated priority. 

1 must contain the address of a parameter list. 
The list consists of one fullword, aligned on a 
fullword boundary, containing the priority and 
eptry point address of the request to be deleted. 
Just by scheduling the next foreground task, all 
queue requests in the foreground queue that exactly 
match both priority and entry point in the unqueue 
request are deleted. The format of the single word 
in the parameter list is: 

When UNQUEUE is executed, general register 

Field Contents 
Bits 0 - 7 A binary number from 0 - 127 

representing the priority of the 
queue request to be deleted 
The absolute address of the 
entry point of the queue request 
to be deleted 

After completion of the SVC UNQUEUE, con- 
trol is returned to the application program with 

Bits 8 - 31 

hexadecimal return code in the low-order byte of 
general register 15: 

Code Meaning 
'00' 
- 

The SVC UNQUEUE request was suc- 
cessfully placed in the foreground 
queue. 
An invalid priority was contained in 
bits 0 - 7 of the word in the parameter 
list. 
The address of the entry point to the 
foreground task was invalid. The ad- 
dress either was not contained within 
the RTJ partition or was not on a half- 
word boundary. 
The foreground queue was full. 
The address for the parameter list 
was invalid. The address either was 
not contained within the RTJ partition 
o r  did not indicate a fullword boundary. 

'OF' 

'FO' 

'FF' 
'04' 

If any invalid conditions are indicated, the re- 
quest is not placed in the queue. 
code is '00' was the entry made in the queue. 

Only if the return 

2 . 2  FORTRAN SUBROUTINES 

This section describes the FORTRAN subroutines 
that can be used by the FORTRAN programmer to 
accomplish the special DAMPS functions in an RTJ. 
Unless otherwise specified, the arguments in a 
DAMPS FORTRAN subroutine refer to standard- 
length variables. These calls may not be used in a 
BGJ. 

2 . 2 . 1  FIDRTJ -- Identifv an RTJ 

The FIDRTJ FORTRAN subroutine is used by the 
FORTRAN programmer to identify a real-time job. 
Before the execution of this subroutine, standard 
Model 44 P/S features can be used, but none of the 
DAMPS special features can be used. Any attempt 
to use the extended DAMPS features will result in 
cancellation of the job. The subroutine is executed 
by the FORTRAN call statement: 

CALL FIDRTJ 

No parameter list is associated with the call. 

2 . 2 . 2  MQUEUE -- Enter Request for FGT into 
Foreground Queue 

The MQUEUE FORTRAN subroutine is used to enter 
a request for execution of a foreground task, with 
an associated task priority, into a foreground 
queue. The requests within each foreground queue 
are honored in task priority sequence. Multipro- 
gramming is performed among tasks in different 
foreground queues and the background job. 
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The MQUEUE FORTRAN subroutine is executed by 
a FORTRAN call statement with the format: 

CALL MQUEUE (PI, NAME, IRC, P 2 ,  QN) 
The names in the parameter list have the follow- 

ing meanings: 
IP1 -- An integer from 0 - 127 representing the 

task priority of the foreground task. Al l  
other values a re  invalid. 

queued. The name must also appear in 
an EXTERNAL statement, and the fore- 
ground task must have been compiled as 
a FORTRAN subroutine. 

-- An integer variable that can be used to 
pass a variable to the queued subroutine 

-- An integer from 0-3 indicatingwhich of 
the four queues is to be affected 

-- An integer variable that will contain the 
completion code returned after comple- 
tion of the subroutine 

NAME -- The name of the foreground task being 

IP2 

QN 

IRC 

IRC 
Code Meaning 
0 
- 

The queue request was successfully 
placed in the appropriate foreground 
queue. 
The address of the parameter list was 
invalid. 
The queue specification was invalid- 
(not 0 - 3). 
An invalid task priority was contained 
in IP1. 
The name of the foreground task was 
invalid. The name may not have ap- 
peared in an EXTERNAL statement. 
The foreground queue was full. 

queued. Any invalid conditions not indicated above 
will cause the job to be canceled. Also, if more o r  
less than five parameters are contained in the pa- 
rameter list, the return code is unpredictable. 

4 

8 

15 

240 

255 

Only if IRC is zero was the foreground task 

2.2.3 MDEQUE -- Delete Request for FGT from 
Foreground Queue 

The MDEQUE FORTRAN subroutine is used to 
delete a previous request for execution of a fore- 
ground task from a particular foreground queue. 
The unqueue request, which is actually placed in 
the specified foreground queue, is honored just 
before the next foreground scheduling of that queue. 
A queue request within any particular queue is 
identified on the basis of the name of the foreground 
task and the task priority of the request. When the 
unqueue request is honored, all requests in the 
specified queue with the same name and task priority 
will be deleted. 

The MDEQUE FORTRAN subroutine is executed 
by a FORTRAN call statement with the format: 

The names in the parameter list have the following 
meanings: 
IP1 

CALL MDEQUE (IP1, NAME, IRC, QN) 

-- An integer from 0 - 127 representing the 
queue priority of the foreground task. All 
other values are  invalid. 

NAME -- The name of the foreground task to be 
deleted from the queue. The name must 
also appear in an EXTERNAL statement. 

QN -- An integer from 0-3 indicating the queue 
IRC -- An integer variable containing the com- 

pletion code returned after completion of 
the subroutine 

IRC 
Code Meaning 
0 The dequeue request was successfully 

placed in the queue. 
The address of the parameter list was 
invalid. 
An invalid queue number was 
specified--must be in range 0 - 3. 
An invalid task priority was contained 
in the parameter list. 
The name of the foreground task was 
invalid. The name may not have ap- 
peared in an EXTERNAL statement. 
The specified foreground queue was full. 

4 

8 

15 

240 

255 
Only if IRC is zero was the request queued. Any 

invalid condition other than those outlined above 
will cause the job to be canceled. If the parameter 
list contains more or fewer than four entries, the 
return code is unpredictable. 

2.2.4 FDONE -- Terminate an FGT 

The FDONE FORTRAN subroutine is used to ter- 
minate a FORTRAN foreground task. Control 
is returned to the supervisor, and the foreground 
task with the highest priority in the foreground 
queue is initiated. If no more requests are  found in 
the same queue, the supervisor gives control to a 
lower level queue or to the background partition. 
If multiple requests of identical priorities within 
the same queue are found, the oldest entry is 
honored first. Use of the FDONE subroutine does 
not preclude use of the END statement in a 
FORTRAN subroutine that is to be a foreground task. 

FORTRAN call statement with the format: 
CALL FDONE 

The subroutine has no parameter list. 
If the FDONE FORTRAN subroutine is used in 

any routine other than an FGT, the job will be can- 
celled. If the FDONE subroutine is omitted, sub- 
sequent foreground tasks will not be scheduled. 

The FDONE subroutine is executed by a 
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2.2.5 FATACH -- Assign an RTT to a PIL 

The FATACH FORTRAN subroutine is used to as- 
sociate a real-time task with a specific priority in- 
terrupt level. Subsequent priority interrupts at 
that level will cause control to be transferred to the 
associated real-time task. The real-time task is 
terminated by the FRETRN FORTRAN subroutine. 
The FATACH subroutine does not enable the prior- 
ity interrupt level -- this is the function of the 
FENPIL FORTRAN subroutine. 

by a FORTRAN call statement with the format: 
The FATACH FORTRAN subroutine is executed 

CALL FATACH (RTT, RTSAVE, N,  FPSAVE) 
The names 

ing meanings : 
RTT -- 

RTSAVE -- 

FPSAVE -- 

in the parameter list have the follow- 

The name of the real-time task to be 
attached. The real-time task must 
have been compiled as a separate 
FORTRAN subroutine. The name 
must appear in a FORTRAN EXTER- 
NAL statement in the subroutine 
where the attach is executed. 
The name of an array containing a 
save area of 61 fullwords on a 
doubleword boundary. A different 
save area must be established for 
each real-time task; this area may 
not be used for any other purpose. 
An integer from 0 - 31 indicating the 
priority interrupt level to be associa- 
ted with the real-time task. Zero is 
the highest priority. 
The name of an array containing four 
doublewords on a doubleword bound- 
ary. A different floating point save 
area must be established for each 
real-time task; this area may not be 
used for any other purpose. 

Any irregularities recognized during the FATACH 
subroutine will result in cancellation of the job. 

2.2.6 FRETRN -- Terminate an RTT 

The FRETRN FORTRAN subroutine is used to ter- 
minate a FORTRAN real-time task. Control is re- 
turned to the next lower real-time task when one is 
active. If no RTT's are active, control is returned 
to foreground o r  background processing. Use  of the 
FRETRN subroutine does not preclude the use of the 
END statement in a FORTRAN subroutine that is to 
be a real-time task. 

The FRETRN FORTRAN subroutine is executed 
by a FORTRAN call statement with the format: 

The subroutine has no parameter list. 
CALLFRETRN 

If the FRETRN FORTRAN subroutine is used in 
any routine other than an RTT, the job will be 
canceled. If the FRETRN subroutine is omitted, 
control will never be returned to the point of in- 
terruption. 

2.2.7 FDSPIL--Disable Prioritv InterruDt Levels 

The FDSPIL FORTRAN subroutine is used to dis- 
able priority interrupt levels. AI1 of the levels in- 
dicated in an individual call are disabled simulta- 
neously. 

The FDSPIL subroutine is executed by a FOR- 
TRAN call statement with the format: 

CALL FDSPIL (I, J1, J2, . . Jn) 
The names of the parameter list have the 

following meanings: 
I -- An integer 0. All other values are  

invalid. 
J1 - J -- Integers ranging from 0 - 31 indicating 

specific priority interrupt levels to be 
disabled. From 1 - 32 integers may be 
specified by a single call. 

n 

Any invalid conditions, such as  disabling a PIL 
with no RTT attached, will cause the job to be 
canceled. 

2.2.8 FENPIL--Enable Priority Interrupt Levels 

The FENPIL FORTRAN subroutine is used to 
enable priority interrupt levels. All of the levels 
indicated in an individual call are enabled simulta- 
neously. Pending interrupts on the indicated levels 
will be cleared if the reset option is exercised. 

by a FORTRAN call statement with the format: 

The names in the parameter list have the following 

The FENPIL FORTRAN subroutine is executed 

CALL FENPIL (I, J1,  J2, . . . , Jn) 

meanings: 
I -- 

J1 - Jn-- 

An integer indicating the selection for 
the reset option. If I = 255, the 
selected priority interrupts will have 
pending interrupts reset at the time of 
enabling. If I = 0, the pending inter- 
rupts will not be reset. All  other 
values are invalid. 
Integers ranging from 0 - 31 indicating 
specific priority interrupt levels to be 
enabled. From 1 - 32 integers may be 
specified by a single call. 

Any invalid conditions, such as  enabling a PIL with 
no RTT attached, will cause.the job to be canceled. 
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2.2.9 FEORTJ--End of an RTJ 

The FEORTJ FORTRAN subroutine is used by the 
FORTRAN programmer for normal termination of 
an RTJ. After FEORTJ has been executed, con- 
trol is returned to the supervisor, and another 
RTJ may be initiated. CALL FEORTJ should be 
executed in an FGT. Execution of CALL FEORTJ 
in an RTT causes the supervisor to cancel both the 
BGJ and the RTJ and to provide a system dump. 
The subroutine is executed by the FORTRAN call 
statement: 

CALLFEORTJ 
No parameter list is associated with the call. 

2.2.10 FCANCL--Cancel an RTJ 

The FCANCL FORTRAN subroutine is used by the 
FORTRAN programmer for abnormal termination 
of a real-time job. If the DUMP option was indicated 
in the job card for the run, a storage dump is pro- 
vided, and the BGJ is canceled. Execution of CALL 
FCANCL in an RTT causes the supervisor to cancel 
both the BGJ and the RTJ and to provide a system 
dump. The subroutine is executed by the FORTRAN 
call statement: 

No parameter list is associated with the call. 
CALLFCANCL 

2.2.11 FRCBSU--Request Control Block Set Up 

The FRCBSU FORTRAN subroutine is used by the 
FORTRAN programmer to build a request control 
block. A request control block is required for each 
request for real-time input or output and serves as 
the communication link between the program and the 
channel scheduler. The request control block can 
be used by only one input/output request at a time, 
The contents of the block must not be changed during 
execution of the transaction. If the parameters of 
the FRCBSU call and subsequent input or output 
transactions are  identical , however, the request 
control block can be reused. 

Several options for  input/output transactions 
may be designated in the request control block. The 
associated transaction may be queued if the device is 
busy, or the user may wish to have it canceled. 
The user may wish to treat the associated request 
as a burst operation. A request may also be initi- 
ated for the queueing of a foreground task upon 
successful completion of the input/output trans- 
action. 

Multiple request control blocks can be construct- 
ed with a single FRCBSU call. 
signed for input/output operations requiring multiple 
devices to be initiated simultaneously. In particular, 

This option is de- 

it must be used for analog input random operations 
on the 1827 Data Control Unit (see section 2.2.22 on 
FAIRAN). In all cases where this option is used, a 
separate channel program must be provided for 
each request control block. When this multiple 
request control block is referenced, DAMPS will 
treat the requests simultaneously. When executing 
input/output, DAMPS will execute the operations 
simultaneously (see section 2.2.12 on FRTIO). 
When checking completion, DAMPS will check only 
for completion of all operations (see section 2.2.15 
on FCHECK). 

FORTRAN call statement with the format: 
The FRCBSU subroutine is executed by a 

CALL FRCBSU (RCB, IUNIT1, CCWA1, 
IOPT1, IFGTA, NAME, IP1, IP2, 
IUNIT2, CCWA2, IOPT2, IUNITB, 
CCWAB , IOPTB) 

The entries in the parameter list a re  defined a s  
follows: 
RCB -- 

IUNITl -- 

CCWAl -- 

IOPTl -- 

IOPTl 
Code 

16 

8 

4 

The name oi area where the re- 
quest control block (RCB) will be 
constructed and maintained. The 
area must be eight fullwords for 
each RCB requested with this call. 
An integer code for the symbolic 
unit. The codes a r e  

16 = SYSOOO 
17 = SYSOOl 
18 = SYSOO2 
Etc. 

(See Appendix E for a complete 
list. ) 
The name of the area where the 
channel program will be located. 
This area will also be referenced 
in a call to the appropriate sub- 
routine for construction of the 
channel program. 
An integer indicating one or more of 
the following options. If more than one 
option is being described, the value is 
the sum of the applicable codes. If 
none is applicable, this parameter and 
all the following parameters should be 
omitted. 

Meaning 
The 1/0 operation is to be random 
analog input with comparator. 
The input/output request is not to be 
queued by the channel scheduler if the 
facility is busy. 
A second request control block is 
requested, for which additional 
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2 

1 

parameters a re  required as described 
below. 
The input/output request is to be 
treated as  a burst operation. 
A foreground task is to be queued in 
queue 0 when the input/output trans- 
action is completed. Additional 
parameters are required as described 
below. - Note: The next four parameters are included only 

when IOPT is an odd integer, indicating FGT 
queuing. 
IFGTA -- 

NAME -- 

IP1 -- 

-- IP2 

The name of a three-fullword area 
where a parameter list will be con- 
structed for queuing the foreground 
task. 
The name of the entry point of the 
foreground task. 
An integer from 0 - 127 representing 
the priority of the foreground task. 
A l l  other values are  invalid. 
An integer variable that can be used 
to pass a variable to the queued 
foreground task. 

- Note: The next G o  parameters are required if the 
multiple request control block option is indicated 
in IOPT1. The third parameter is optional unless 
a third request control block is requested. 
IUMT2 -- 
CCWA2 -- 

IOPT2 -- 

IOPTZ 
Code 
4 
- 

2 

6 
rCTNIT3 -- 
CCWA3 -- 

An integer code for the symbolic 
unit 
The name of the area where the 
channel program will be located. 
This area will also be referenced in 
a call to the appropriate subroutine 
for construction of the channel 
program. 
An integer code indicating the 
selected options. If none of the 
options is applicable, this param- 
eter should be omitted. 

Meaning 
Additional request control blocks are 
requested, for which additional pa- 
rameters are required as described 
below. 
The input/output request is to be 
treated as a burst operation. 
Both of the above 
An integer code for the symbolic unit 
The name of the area where the 
channel program will be located. 
This area will also be referenced in 
a call to the appropriate subroutine 
for construction of the channel 
program. 

IOPT3 -- An integer code indicating the burst 
option. If IOPT3 = 2, the input/output 
request is to be trested as a burst 
operation. If the option is not appli- 
cable, this parameter should be omitted. 

If any irregularities are recognized during 
execution of the FRCBSU subroutine, the job will 
be canceled. 

2.2.12 FRTIO--Execute Real-Time 1/0 

The FRTIO subroutine is used by the FORTAN 
programmer to execute real-time input/output. 
The FRTIO subroutine is executed by a FORTRAN 
call statement in the format: 

CALL FRTIO (RCB, IRET) 
The entries in the parameter list are  defined as 
follows: 

RCB 

IRET 

IRET 
Code 

0 

8 

-- The name of the request control block 
that was established by a previous 
FRCBSU call statement. If multiple 
request control blocks were established 
by the FRCBSU call, the system will 
attempt to initiate all the operations 
simultaneously. If any busy conditions 
are  encountered, one or more of the 
operations will be queued. 
An integer variable where one of the 
following two codes will be placed by 
the FRTIO subroutine. This param- 
eter is required only if parameter 
IOPTl in the CALL FRCBSU state- 
ment indicated that the 1/0 request 
was not to be queued. 

-- 

Meaning 
The input/output operation was initi- 
ated. 
The input/output operation was not 
initiated because the unit or channel 
was busy and the user specified the 
“no queuing” option when the request 
control block was established. 

In the case of multiple request control blocks, 
IRET is a collective indicator. 
analysis, it is necessary to examine the individual 
request control blocks. 

If any irregularities are  recognized during 
execution of the FRTIO subroutine, the job will be 
canceled. 

For further 

2.2.13 FMSK--Mask I /o  Interrupts 

The FMSK FORTRAN subroutine is used to mask 
one or more channels (disable 1/0 interrupts) 
during execution of a real-time task. 
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The FMSK subroutine is executed by a FORTRAN 
call statement with the format: 

CALL FMSK (RCBl, RCB2, RCB3) 
The entries in the parameter list reference previ- 
ously established request control blocks. The 
channels to which the referenced devices are 
attached will be disabled. From one to three RCB's 
may be specified. 

If any irregularities are recognized during 
execution of the FMSK subroutine, the job will 
canceled. 

2.2.14 FUNMSK--Unmask 1/0 Interrupts 

be 

The FUNMSK FORTRAN subroutine is used to un- 
mask a channel (enable 1/0 interrupts) during exe- 
cution of a real-time task. 

FORTRAN call statement with the format: 

The entries in the parameter list reference pre- 
viously established request control blocks. The 
channels to which the indicated devices a re  attached 
will be enabled. From one to three RCB's may be 
specified. 

If any irregularities are recognized during exe- 
cution of the FUNMSK subroutine, the job will be 
canceled. If interruptions from non-real-time 
devices are  to be accepted during RTT's, the 
high-resolution interval timer is required. 

The FUNMSK subroutine is executed by a 

CALL FUNMSK (RCSl, RCB2, RCB3) 

2.2.15 FCHECK--Check Progress of 1/0 Operations 

The FCHECK subroutine is used by the FORTRAN 
programmer to check on the progress of a real- 
time input/output operation. The FCHECK sub- 
routine is executed by a FORTRAN call statement 
in the format: 

CALL FCHECK (RCB, IRET, IOPT) 
The entries in the parameter list are defined as  
follows: 
RCB -- The name of the area containing 

the request control block establish- 
ed with an FRCBSU subroutine call. 

IRET -- An integer variable where one of 
the following return codes will be 
placed by the FCHECK subroutine: 

IRET 
Code Meaning 

0 

1 

- 
The input/output operation came to 
completion. 
A unit exception was indicated in the 
ending status of the input/output 
operation, 
An error  was indicated in the ending 
status. 

2 

IRET 
Code Meaning 
4 

8 

The input/output operation has not 
been completed. 
The input/output operation was not 
started. A busy condition was 
encountered when the operation was 
requested, and parameter IOPTl in 
the FRCBSU call indicated that the 
request was not to be queued. 

If multiple request control blocks were 
established by the FRCBSU call, the IRET code 
is a collective reference. 

If the user wishes to do error analysis, all the 
individual request control blocks must be examined 
to see which devices caused errors. 
IOPT -- An integer code of 1 designating that 

the FCHECK subroutine is to wait for 
completion of the operation before 
returning control to the calling 
program. This parameter is invalid 
in a call issued from an RTT. 

If any irregularities are recognized during 
execution of the FCHECK subroutine, the job will 
be canceled. 

2.2.16 FTREAD--Read Real-Time Magnetic Tape 

The FTREAD subroutine is used by the FORTRAN 
programmer to build a channel program for the 
execution of a tape input operation. The channel 
program, the address of which is maintained in the 
request control block, is referenced by the real- 
time channel scheduler when initiating the operation. 
The actual execution of the input request is 
accomplished by use of the FRTIO subroutine. 

FORTRAN call statement with the format: 

The entries in the parameter list a re  defined as  
follows: 
CCWA -- The name of an area, two double- 

The FTREAD subroutine is executed by a 

CALL FTREAD (CCWA, INA, ICNT, IOPT) 

words in length, where the channel 
program is to be constructed 

INA -- The name of an area where the 
input data is to be placed 

ICNT -- An integer equal to the number of 
bytes to be read 

IOPT -- The presence of any nonzero 
integer indicates that records with 
a length unequal to that specified 
by ICNT should not be flagged as an 
error. 

Detection of invalid parameters during execution of 
the FTREAD subroutine will result in job cancel- 
lation. 

18 



2.2.17 FTWRIT--Write Real-Time Magnetic Tape 

The FTWRIT subroutine is used by the FORTRAN 
programmer to build a channel program for the 
execution of a tape output operation. The channel 
program, the address of which is maintained in the 
request control block, is referenced by the real- 
time channel scheduler when initiating the operation. 
The actual execution of the output request is 
accomplished by the FRTIO subroutine. 

The FTWRIT subroutine is executed by a 
FORTRAN call statement with the format: 

CALL FTWRIT (CCWA, OUTA, ICNT) 
The entries in the parameter list are defined as  
follows: 
CCWA -- The name of an area, two double- 

words in length, where the channel 
program is to be constructed 

OUTA -- The name of an area where the out- 
put data will be located 

ICNT -- An integer equal to the number of 
bytes to be written 

Detection of invalid parameters during execution 
of the FTWRIT subroutine will result in job cancel- 
lation. 

2.2.18 FTWTM--Write End-of-File on Real-Time 
Magnetic TaDe 

The FTREW subroutine is executed by a FOR- 
TRAN call statement with the format: 

CALL FTREW (CCWA) 
The CCWA parameter defines an area, two double- 
words in length, where the channel program will be 
constructed. Any irregularities recognized during 
execution of the FTREW subroutine will cause the 
job to be canceled. 

2.2.20 FTRUN--Rewind and Unload Real-Time 
Magnetic Tape 

The FTRUN subroutine is used by the FORTRAN 
programmer to build a channel program for re- 
winding and unloading a tape. The channel program, 
the address of which is maintained in the request 
control block, is referenced by the real-time chan- 
nel scheduler when initiating the operation. The 
actual execution of the I/o operation is accom- 
plished by the FRTIO subroutine. 

FORTRAN call statement with the format: 
CALL FTRUN (CCWA) 

The CCWA parameter defines an area, two double- 
words in length, where the channel program will be 
constructed. Any irregularities recognized during 
execution of the FTRUN subroutine will cause the 
job to be canceled. 

The FTRUN subroutine is executed by a 

The FTWTM subroutine is used by the FORTRAN 
programmer to build a channel program for writing 
an end-of-file mark on an output tape. The channel 
program, the address of which is maintained in the 
request control block, is referenced by the real- 
time channel scheduler when initiating the operation. 
The actual execution of the I/O operation is accom- 
plished by the FRTIO subroutine. 

The FTWTM subroutine is executed by a FOR- 
TRAN call statement wi th  the format: 

CALL FTWTM (CCWA) 
The CCWA parameter defines an area, two double- 
words in length, where the channel program will be 
constructed. Any irregularities recognized during 
execution of the FTWTM subroutine will cause the 
job to be canceled. 

2.2.21 FDIG--Digital Input on 1827 DCU 

The FDIG subroutine is used by the FORTRAN 
programmer to  build a channel program for input 
of digital data from the 1827 DCU. The channel 
program, the address of which is maintained in the 
request control block, is referenced by the real- 
time channel scheduler when initiating the operation. 
The actual execution of the I/O operation is accom- 
plished by the FRTIO subroutine. 

The FDIG subroutine is executed by a FORTRAN 
call with the fqrmat: 
CALL FDIG (CCWA, INA, ICNT, PTADD, IOPT) 
The entries in the parameter list are defined as  
follows: 
CCWA -- 

2.2.19 FTREW--Rewind Real-Time Magnetic Tape 

The FTREW subroutine is used by the FORTRAN 
programmer to build a channel program for rewind- 
ing a tape. The channel program, the address of 
which is maintained in the request control block, is 
referenced by the real-time channel scheduler when 
initiating the operation. The actual execution of the INA 
1/0 operation is accomplished by the FRTIO sub- 
routine. 

The name of the area where the 
channel program will be construct- 
ed. For sequential or single 
addressing, the area must be two 
doublewords in length. For a 
,random operation, the length of the 
area must be 2n doublewords, 
where n is the number of groups 
read. 
The name of the input area. The 
length of the area must be n half- 
words, where n is the number of 
groups to be read. 
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ICNT -- 
IPTADD -- 

IOPT -- 

IOPT 
Code 
00 

0 1  

04 

05 
08 

09 

12 
13 
16 

17 

24 

25 

- 

An integer equal to the number of 
digital groups to be read 
The name of the area containing the 
addresses of the digital input groups 
to be read. For a sequential opera- 
tion, the area contains the halfword 
address of the first group to be read. 
For a random operation, the area 
contains n halfword group addresses, 
where n is equal to the number of 
groups read. 
An integer code indicating one of the 
following options: 

Meaning 
Sequential, multiplex mode, no 
external sync 
Sequential, forced burst, no external 
sync 
Single, multiplex mode, no external 
sync 
Single, forced burst, no external sync 
Sequential , multiplex mode, external 
sync 
Sequential, forced burst, external 
sync 
Single, multiplex mode, external sync 
Single, forced burst, external sync 
Random, multiplex mode, no external 
sync 
Random, forced burst, no external 
sync 
Random, multiplex mode, external 
sync 
Random, forced burst, external sync 

If IOPT is omitted, a code of 00 is assumed. If any 
irregularities occur during execution of the FDIG 
subroutine, the job will be canceled. 

2.2.22 FAIRAN--Random Analog Input on 1827 DCU 

The FAIRAN subroutine is used by the FORTRAN 
programmer to build a channel program for input of 
random analog data from the 1827 DCU. The chan- 
nel program, the address of which is maintained in 
the request control block, is referenced by the real- 
time channel scheduler when initiating the operation. 
The actual execution of the I/O operation is accom- 
plished by the FRTIO subroutine. The option for 
multiple request control blocks must be used in the 
FRCBSU call. Each request control block refer- 
ences a unique channel program. 

FORTRAN call with the format: 
The FAIRAN subroutine is executed by a 

CALL FAIRAN (CCWAl, INA1, ICNT1, 
IOPT, CCWA2, INAB, ICNT2, CCWA3, 
INA3, ICNT3) 

The entries 
follows: 
CCWAl 

I N A l  

ICNTl 

IOPT 

lOPT 

00 
0 1  
02 
16 
17 
18 

Code  

CCWA2 

INA2 

in the parameter list a re  defined as 

The name of a doubleword area 
where the Analog-to-Digital Con- 
verter channel program is to be 
constructed 
The name of the input area. The 
length of the area must be n half- 
words, where n is the number of 
points to be read. 
An integer equal to the number of 
points to be read 
An integer code indicating one of 
the followihg options: 

Meaning 
11-bit resolution, no external sync 
14-bit resolution, no external sync 
8-bit resolution no external sync 
11-bit resolution, external sync 
14-bit resolution, external sync 
8-bit resolution, external sync 
The name of a doublword area where 
the Multiplexor Control channel 
program is to be constructed. 
The name of the area containing the 
halfword multiplexor addresses of 
the points to be scanned. If the 
operation includes the comparator, 
the area also contains the inter- 
spersed limit words. Use 4096 
plus the address of the point when 
addressing the solid-state multi- 
plexors. 

- Note: If the comparator is to be used during the 
operation, the next four parameters must be 
included. E the remaining parameters are omitted, 
the operation will not involve the comparator, and 
the number of multiplexor addresses written will be 
made equal to the number of points read, 
ICNT2 -- An integer equal to the number of 

points to be scanned plus the number 
of input values to be limit-checked 

CCWA3 -- The name of a doubleword area where 
the Comparator channel program is to 
be constructed 

limits addresses will be read. For a 
normal mode of operation, the length 
of the area should be equal to n half- 
words, where n is the number of input 
values to be limit-checked. For 
external interrupt mode, the area 
should be one halfword in length. 

INCT3 -- An integer equal to the number of out- 
of-limits addresses that can be 
transmitted by a single read command 

INA3 -- The name of the area where the out-of- 
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to the comparator. For a normal 
mode of operation, the value should be 
equal to the number of input values to 
be checked. If the comparator is 
wired for external interrupt, the 
value should be 1. 

If any irregularities are  recognized during 
execution of the FAIRAN subroutine, the job will be 
canceled. 

2.2.23 FAISEQ--Sequential Analog Input on 1827 
DCU - 

The FAISEQ subroutine is used by the FORTRAN 
programmer to build a channel program for input 
of sequential analog data from the 1827 DCU. The 
channel program, the address of which is main- 
tained in the request control block, is referenced 
by the real-time channel scheduler when initiating 
the operation. The actual execution of the I/O 
operation is accomplished by the FRTIO subroutine. 

FORTRAN call statement with the format: 
CALL FAISEQ (CCWA, INA, IPTADD, ICN ', IOPT) 
The entries in the parameter list are defined as 

The FAISEQ subroutine is executed by a 

follows: 
CCWA -- 

INA -- 

IPTADD -- 

ICNT 

IOPT 

IOPT 
Code 
00 

0 1  
02 
16 
17 
18 

- 

The name of an area, two double- 
words in length, where the channel 
program is to be constructed 
The name of the input area. The 
length of the area must be n half- 
Words, where n is the number of 
points to be read. 
The name of a halfword area con- 
taining the point address with which 
the sequential scan is to begin. 
When addressing the solid state 
multiplexors, use 4096 plus the 
address. 
An integer equal to the number of 
points to be read 
An integer code indicating one of 
the following options (if the 
standard mode is selected, this 
parameter may be omitted): 

Meaning 
11-bit resolution, no external sync 
(standard) 
14-bit resolution, no external sync 
8-bit resolution, no external sync 
11-bit resolution, external sync 
14-bit resolution, external sync 
8-bit resolution, external sync 

If any irregularities are  recognized during execu- 
tion of the FAISEQ subroutine, the job will be 
canceled. 

2.2.24 FDAO--Digital Analog Input on 1827 DCU 

The FDAO subroutine is used by the FORTRAN 
programmer to build a channel program for 
digital or analog output to the 1827 DCU. The 
channel program, the address of which is main- 
tained in the request control block, is referenced 
by the real-time channel scheduler when initiating 
the operation. The actual execution of the I/O 
operation is accomplished by the FRTIO subrou- 
tine. 

The FDAO subroutine is executed by a 
FORTRAN call statement with the format: 

CALL FDAO (CCWA, OUTA, ICNT, IOPT, CTLA) 
The entries in the parameter list are defined as 
follows: 

CCWA 

OUTA 

ICNT 

IOPT 

IOPT 

00 

0 1  

02 

03 

04 

05 

08 

09 

The name of a doubleword area where 
the channelprogram is to be construct- 
ed. If the control option is selected, 
the area must be two doublewords in 
length on a doubleword boundary. 
The name of the output area that con- 
tains the output point addresses and 
data, 
For sequential or single address out- 
put, the area contains the starting 
point halfword address followed by the 
data halfwords. 
For random output, the area contains 
2n halfwords. Each pair of halfwords 
contains the point address followed by 
the data, 
An integer equal to the number of 
points to be written 
An integer code indicating one of the 
following options (if the standard mode 
is selected, this parameter may be 
omitted): 

Meaning 
Sequential, multiplex mode, no exter- 
nal sync (standard) 
Sequential, forced burst mode, no 
external sync 
Random, multiplex mode, no external 
sync 
Random, forced burst mode, no exter- 
nal sync 
Single, multiplex mode, no external 
sync 
Single, forced burst mode, no exter- 
nal sync 
Sequential , external sync, multiplex 
mode 
Sequential, external sync, forced 
burst mode 
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EOPT 
Code Meaning - 
1 0  Random, external sync, multiplex 

11 

12 
13 

mode 
Random, emrnal sync, forced burst 
mode 
Single, external sync, multiplex mode 
Single, external sync, forced burst 
mode 

To indicate the control option, add 16 to the appro- 
priate option code. If this option is selected, the 
next parameter is required. 
CTLA --The name of a halfword containing the 

This option is required only if the control option 
is selected. The word will contain a 64 for analog 
buffer and a 128 for pulse output. 

control data 

2.3 ASSEMBLER LANGUAGE SUBROUTINES 

The subroutines described on the following pages 
were designed for inclusion in FORTRAN programs, 
but they are  available to Assembler Language pro- 
grammers and can be executed in an RTT or FGT. 
The routines reside in the relocatable library and 
are incorporated in the user's program by linkage 
editor. The following rules govern the use of these 
subroutines. 

1. General registers must contain the following: 
Reg 1 -- Address of the parameter list 
Reg 13 -- Address of an 18-word save area. 
The same save area may be used by more 
than one subroutine but only at one priority 
level. 
Reg 14 -- Return address 
Reg 15 -- Address of the subroutine 

2. The parameter list consists of one or more 
fullword addresses as defined for the subroutine. 
The first byte of the last entry in the list must con- 
tain the hexadecimal code 80. 

The following example illustrates the required 
coding. 

EXTRN FRT IO 

LA 1 , PARLIST 
LA 13 , SAVE 
L 15 , =A (FRTIO) 
BALR 14 , 15 

SAVE 
PARLIST 

DS 
DC 
DC 

18F 
x'80' 
AL3 (RCB) 

2.3.1 FRCBSU--Request Control Block Set Up 

The FRCBSU subroutine is used by an Assembler 
Language programmer to construct a request 
control block. When the subroutine is called, 
general register 1 must contain the address of a 
parameter list defined as follows: 
Word 0 -- Address of the area where the RCB's 

will be constructed. The length of the 
area must be eight fullwords for each 
RCB requested with this call. 

Word 1 -- Address of a fullword containing the 
symbolic unit index value 

Word 2 -- Address of the channel program 
Word 3 -- Address of a fullword containing one or 

more of the option codes listed belaw. 
If more than one option apply, the 
value should be the sum of the codes. If 
none of the options applies, this param- 
eter should be omitted. 

OP 
Code - Meaning 

16 

8 

The 1/0 operation is to be random analog 
input with comparator (normal mode), 
The input/output request is not to be 
queued by the channel scheduler if the 
facility is busy. 
A second request control block is re- 
quested, for which additional param- 
eters are  required as  described in word 
7. 
The input/output request is to be treated 
as a burst operation. 
A foreground task is to be queued when 
the input/output operation is completed. 
Additional parameters are  required as  
described below. 

4 

2 

1 

The next four parameters are  required only 
when a foreground task is to be queued. 

Word4 -- Address of an area, three fullwords 
in length, where the parameter list 
for the foreground task will be 
constructed 

address of the entry point of the fore- 
ground task 

FGT priority code 

formation to the foreground task that 
is queued when the input/output 
operation is completed. The address 
of this word is passed to the FGT in 
register 1. 

Word 5 -- Address of a fullword containing the 

Word 6 -- Address of a fullword containing the 

Word 7 -- A fullword used to pass variable in- 
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- Note: The next two parameters are required if 
multiple request control blocks are to be construct- 
ed. The third is operational unless a third RCB 
is requested. 
Word 8 -- 

Word 9 -- 
Word 10 -- 

OP 
Code 

4 

2 

6 
Word 11 -- 

Word 12 -- 
Word 13 -- 

Address of a fullword containing the 
symbolic unit index value 
Address of the channel program 
Address of a fullword containing one 
of the following option codes: 

Meaning 
A third request control block is 
requested, for which additional 
parameters are required as de- 
scribed be low. 
The input/output request is to be 
treated a s  a burst operation. 
Both of the above 
Address of a fullword containing the 
symbolic unit index value 
Address of the channel program 
Address of a fullword containing the 
value 2 if the 1/0 is to be treated as 
a burst operation; otherwise, this 
parameter should be omitted. 

Any irregularities recognized during execution of 
this subroutine will result in cancellation of the job. 

2.3.2 FRTIO--Execute Real-Time 1/0 

The FRTIO subroutine is used by an Assembler 
Language programmer to execute a real-time input/ 
output operation. When the subroutine is called, 
general register 1 will point to a parameter list 
defines as follows: 
Word 0 -- 

Word 1 -- 

Return 
Code 

0 
8 

Address of the request control block 
that defines the operation 
Address of a fullword where a return 
code will be posted. This parameter is 
required only if the option code in the 
RCB indicates that. the request is not to 
be queued if facilities are busy. 

Meaning 
The input/output operation was initiated. 
The input/output operation was not 
initiated because the unit or channel was 
busy and the user specified the "no 
queuing'' option when the request control 
block was established. 

If any irregularities are  recognized during execution 
of the FRTIO subroutine, the job will be canceled. 

2.3.3 FCHECK-Check Progress of 1/0 Operation 

The FCHECK subroutine is used by the Assembler 
Language programmer to check on the progress or 

results of a real-time input/output operation. When 
the subroutine is called, general register 1 will 
point to a parameter list defined as follows: 
Word 0 -- Address of the request control block 
Word 1 -- Address of a fullword where one of the 

following return codes will be placed 
by the FCHECK subroutine: 

Return 
Code 

0 

1 

2 

4 
8 

Word2 -- 

OP 
Code 

1 

2 

4 

Word 3 -- 

Word4 -- 

Meaning 
The operation came to a normal 
completion. 
Unit exception was indicated in the 
ending status . 
An error  was indicated in the ending 
status. 
The operation has not been completed. 
The input/output operation was not 
started. A busy condition was encoun- 
tered when the operation was requested, 
and the option code in the RCB indica- 
ted that the request was not to be 
queued. 
Address of a fullword containing a 
code that may indicate one or more 
of the following options. If more 
than one of the options apply, the 
value should equal the sum of the 
codes; if none applies, this param- 
eter should be omitted. 

Meaning 
The program is to wait for completion 
of the operation. This option is in- 
valid when exercised at priority 
interrupt level. 
Return to the end-of-file routine 
specified by word 3 when a unit 
exeption is indicated in the ending 
status. 
Return to the error  routine specified 
by word 4 (or word 3 if no EOF rou- 
tine is provided) when an error  is 
indicated in the ending status. 
I€ an EOF routine is provided (indi- 
cated by option code 2) word 3 con- 
tains the address to which control 
will be passed. If no EOF routine 
is provided but an error  routine is 
indicated by option code 4, word 3 
contains the address of the error  
routine, and word 4 is omitted. 
Address to which control will be 
passed when an error  is indicated 
in the ending status. 

- Note: When FCHECK passes control to an end-of- 
file or an error  routine, register 15 contains the 
address of that routine. All other registers are 
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restored as  for a normal return, including reg- 
ister 14, which contains the return address. 
If any irregularities are recognized during execu- 
tion of the FCHECK subroutine, the job will be 
canceled. 

2.3.4 FUNMSK--Unmask 1/0 Interrupts 

The FUNMSK subroutine is used to unmask one or 
more channels (enable I/O interrupts) during 
execution of a real-time task. When the subrou- 
tine is called, general register 1 must contain the 
address of a parameter list that includes the 
addresses of from one to three request control 
blocks. The channels to which the referenced de- 
vices are  attached will be enabled, and unrefer- 
enced channels will be disabled. 

If any errors  are  detected during execution of 
the FUNMSK subroutine, the job will be canceled. 
If interruptions from non-real-time devices are to 
be accepted during RTT's, the high-resolution 
interval timer is required. 

2.3.5 FMSK--Mask 1/0 Interrupts 

The FMSK subroutine is used to mask one or more 
channels (disable I/O interrupts) during execution 
of a real-time task. When the subroutine is called, 
general register 1 must contain the address of a 
parameter list that includes the addresses of from 
one to three request control blocks. The channels 
to which the referenced devices are attached will be 
disabled, and unreferenced channels will be enabled. 

If any errors  are detected during execution of the 
FMSK subroutine, the job will be canceled. 

2.3.6 FTREAD--Read Real-Time Magnetic Tape 

The FTREAD subroutine is used by the Assembler 
Language programmer to construct a channel pro- 
gram to read magnetic tape. When the subroutine 
is called, general register 1 will contain the ad- 
dress of a parameter list defined as follows: 

Word 0--Address of an area, two doublewords 
in length, where the channel program will be 
constructed 

Word 1--Address of the input area 
Word 2--Address of a fullword containing the 

number of bytes to be read 
Word 3--The presence of word 4 in the param- 

eter list indicates that a wrong-length re- 
cord will not be flagged as an error. The 
contents of this word are insignificant. 

Any irregularities recognized during execution of 
this subroutine will cause the job to be canceled. 

2.3.7 FTWRIT--Write Real-Time Magnetic Tape 

The FTWRIT subroutine is used by the Assembler 
Language programmer to construct a channel pro- 
gram to write a tape. When the subroutine is 
called, general register 1 will contain the address 
of a parameter list defined as follows: 

Word 0--Address of an area, two doublewords in 
length, where the channel program will be 
constructed 

Word 1--Address of the output area 
Word 2--Address of a fullword containing the 

number of bytes to be written 
Any irregularities recognized during execution of 
this subroutine will cause the job to be canceled, 

2.3.8 FTWTM--Write End-of-File on Real-Time 
Magnetic Tape 

The FTWTM subroutine is called by the Assembler 
Language programmer to build aichannel program 
for writing a tape mark. When the subroutine is 
called, general register 1 will contain the address 
of a parameter list consisting of the address of an 
area,  two doublewords in length, where the channel 
program will be constructed. Any irregularities 
recognized during execution af this subroutine will 
cause the job to be canceled. 

2.3.9 FTREW--Rewind Real-Time Magnetic Tape 

The FTREW subroutine is used by the Assembler 
Language programmer to construct a channel pro- 
gram for rewinding a tape. When the subroutine is 
called, general register 1 will contain the address of 
a parameter list consisting of the address of an 
area, two doublewords in length, where the channel 
program will be constructed. Any irregularities 
recognized during execution of this subroutine will 
cause the job to  be canceled. 

2.3.10 FTRUN--Rewind and Unload Real-Time 
Magnetic Tape 

The FTRUN subroutine is used by the Assembler 
Language programmer to construct a channel pro- 
gram for rewinding and unloading a tape. When the 
subroutine is called, general register 1 will contain 
the address of a parameter list consisting of the 
address of an area,  two doublewords in length, 
where the channel program will be constructed. 
Any irregularities recognized during execution of 
this subroutine will cause the job to be canceled. 
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2.3.11 FDIG--Digital Input on 1827 DCU 

The FDIG subroutine is used by the Assembler 
Language programmer to build a channel program 
for input of digital data from the 1827 DCU. When 
the subroutine is called, general register 1 will 
contain the address of a parameter list defined as 
follows: 
Word 0 -- 

Word 1 -- 

Word 2 -- 

Word3 -- 

Word4 -- 

OP 
Code - *  

Address of the area where the 
channel program is to be built. For 
sequential or single addressing, the 
area must be two doublewords in 
length. For a random operation, 
the length of the area must be 2n 
doublewords, where n is the number 
of points to be read. 
Address of the input area. The 
area must be n halfwords in length, 
where n is the number of groups 
read. 
Address of a fullword containing the 
number of points to be read. 
Address of the area containing the 
digital input group addresses. For 
a sequential operation, the area con- 
tains the starting address. For a 
random operation, the area contains 
the halfword address of each group 
to be read. 
Address of a fullword containing a 
code indicating one of the following 
options (if the standard mode is 
desired, this parameter may be 
omitted) : 

Meaning 

00 

0 1  
04 
05 
08 
09 
12  
13 
16 
17 
24 
25 

Sequential, multiplex mode, no external 
sync (standard) 
Sequential, forced burst, no external sync 
Single, multiplex mode, no external sync 
Single, forced burst, no external sync 
Sequential, multiplex mode, external sync 
Sequential, forced burst, external sync 
Single, multiplex mode, external sync 
Single, forced burst, external sync 
Random, multiplex mode, no external sync 
Random, forced burst, no external sync 
Random, multiplex mode, external sync 
Random, forced burst, external sync 

If any irregularities occur during execution of the 
FDIG subroutine, the job will be canceled. 

2.3.12 FAIRAN--Random Analog Input on 1827 DCU 

The FAIRAN subroutine is used by the Assembler 
Language programmer to build a channel program 

for input of random analog data from the 1827 DCU. 
When the subroutine is called, general register 1 
will contain the address of a parameter list de- 
fined as  follows: 

Word 0 -- 

Word 1 -- 

Word 2 -- 

Word3 -- 

OP 
Code - 

Address of a doubleword area where 
the ADC channel program is to be 
built 
Address of the input area. The area 
must be n halfwords in length, where 
n is the number of points to be read. 
Address of a fullword containing the 
number of points to be read. 
Address of a fullword containing a 
code indicating one of the following 
options: 

Meaning 

00 
0 1  
02 
16 11-bit resolution, external sync 
17  14-bit resolution, external sync 
18 8-bit resolution, external sync 

11-bit resolution, no external sync 
14-bit resolution, no external sync 
8-bit resolution, no external sync 

Word 4-- Address of a doubleword area where 
the multiplexor control channel pro- 
gram is to be built 

halfword multiplexor addresses of the 
points to be scanned. If the operation 
includes the comparator, the area also 
contains the interspersed limit words. 

Word 5-- Address of the area containing the 

If the comparator is to be used during the oper- 
ation, the next four parameters must be included. 
If the remaining parameters are omitted, the oper- 
ation will not involve the comparator, and the num- 
ber of multiplexor addresses written will be made 
equal to the number of points read. 

Word 6-- 

Word 7-- 

Word 8-- 

Word 9-- 

Address of a fullword containing a 
value equal to the number of points to 
be scanned plus the number of input 
values to be limit-checked 
Address of a doubleword area where 
the comparator channel program is to 
be built 
Address of the area where the out-of- 
limits addresses will be read. For 
normal mode of operation, the length 
of the area should be equal to n half- 
words, where n is the number of input 
values to be limit-checked. For ex- 
ternal interrupt mode, the area should 
be one halfword in length. 
Address of a fullword containing the 
number of out-of-limits addresses that 
can be transmitted by a single read 
command to the comparator. For 
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normal mode of operation, the value 
should be equal to the number of input 
values to be checked. If the comparator 
is wired for external interrupt, the 
value should be 1. 

If any irregularities are recognized during execution 
of the FAIRAN subroutine, the job will be canceled. 

2.3.13 FAISEQ--Sequential Analog Input on 1827 
DCU - 

The FAISEQ subroutine is used by the Assembler 
Language programmer to build a channel program 
for input of sequential analog data from the 1827 
DCU. When the subroutine is called, general reg- 
ister 1 will contain the address of a parameter list 
defined as follows: 

Word 0 --Address of the area,  two doublewords 
in length, where the channel program 
is to be built 

in length, where n is the number of 
points to be read 

the point address with which the 
sequential scan is to begin. 

Word 3 --Address of a fullword containing the 
number of points to be read 

Word 4 -- A fullword containing a code indicating 
one of the following options (if this 
parameter is omitted, the default 
option 00 will be used): 

Word 1 --Address of the input area, 2n halfwords 

Word 2 --Address of the halfword area containing 

OP 

00 
01 
02 
16 11-bit resolution, external sync 
17 14-bit resolution, external sync 
18 8-bit resolution, external sync 

Code Meaning - 
11-bit resolution, no external sync 
14-bit resolution, no external sync 
8-bit resolution, no external sync 

If any irregularities are recognized during execu- 
tion of the FAISEQ subroutine, the job will be 
canceled. 

2.3.14 FDAO--Digital Analog Input on 1827 DCU 

The FDA0 subroutine is used by the Assembler 
Language programmer to construct a channel pro- 
gram for digital or analog output to the 1827 DCU. 
When the subroutine is called, general register 1 

will contain the address of a parameter list defined 
as follows: 

Word 0 --Address of adoubleword area where 
the channel program will be built. If 
the control option is selected, the 
area must be two doublewords in 
length. 

Word 1 --Address of the output area containing 
the point addresses and data 
For sequential output, the area contains 
the starting point address followed by 
the data half words. 
For random output, the area will con- 
tain 2n halfwords, Each pair of half- 
words contains the point address 
followed by the data. 

number of points to be written 

code indicating one of the following 
options (if this parameter is omitted, 
the default option 00 will be used): 

Word 2 --Address of a fullword containing the 

Word 3 --Address of a fullword containing a 

OP 
Code 

0 

1 

2 

3 

4 
5 

8 
9 

10 
11 
12 
13 

Meaning 

Sequential, multiplex mode, no external 
sync 
Sequential, forced burst mode, no external 
sync 
Random multiplex mode, no external 
sync 
Random, forced burst mode, no external 
sync 
Single, multiplex mode, no external sync 
Single, forced burst mode, no external 
sync 
Sequential, external sync, multiplex mode 
Sequential, external sync, forced burst 
mode 
Random, external sync, multiplex mode 
Random, external sync, forced burst mode 
Single, external sync, multiplex mode 
Single, external sync, forced burst mode 

To indicate the control option, add 16 to the 
appropriate option code. If this option is selected, 
the next parameter is required. 

Word 4 --Address of a halfword containing the 

If any irregularities are recognized during execution 
of this subroutine, the job will be canceled. 

control data 
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3. PROGRAMMING TECHNIQUES 

The following paragraphs outline the recommended 
techniques for application programming under 
DAMPS. 

3 .1  ASSEMBLER LANGUAGE PROGRAMMING 

3. 1. 1 General Register Usage 

Each FGT, RTT, and timer interrupt routine must 
set up its own base registers. When any one of the 
three receives control, the contents of all registers 
are unpredictable with one exception--a fullword 
value may be passed to an FGT in general register 
1 when the FGT is given control. 
system saves all registers and the system status 
before giving control to each controlled RTT, FGT, 
o r  timer interrupt routine; therefore, all registers 
and DAMPS facilities are available immediately. 

The following registers should not be used for 
base registers: 

1--Used for passing parameters to the 

14--Can be used for a base register, 
ever, use of system subroutines requires 
a return address in register 14. 

visor call routines 

However, the 

supervisor call routines 
How- 

15--Will contain a return code from super- 

3.1. 2 Real-Time Job 

A real-time job (RTJ) can be considered as a nor- 
mal Model 44 P/S job until the SVC IDENTRTJ in- 
struction is issued. 
(identify real-time job) is issued, all DAMPS exe- 
cuted facilities can be used, Al l  real-time tasks 
(RTT), foreground tasks (FGT), and timer routines 
together \constitute the RTJ. Normal termination 
of an RTJ is accomplished with the EORTJ SVC 
issued from an FGT. Abnormal termination may 
result from a variety of causes, such as a program 
check, invalid SVC parameters, etc. If an RTJ 
detects conditions that necessitate abnormal ter- 
mination, the RTCANCEL SVC can be used to in- 
voke cancellation. Termination can be invoked by 
an RTT, an FGT, or a timer routine; however, if  
by other than an FGT, a dump will be taken and the 
BGJ terminated 

At  object time, all routines will  have been link- 
edited together as a real-time job in the phase 
library to form the RTJ. This RTJ can be initiated 
from the console as  follows: 

After the SVC IDENTRTJ 

1. Press request button, 
2. Type: RTLOAD 
3. Type: // RTJ 

4. Type: any SYSUNITS, for example -- 
//SYSO12 ACCESS IN, 280= 

5. Type: name of phase, for example-- 
// EXEC COMP 

The routine whose entry point was specified 
when the RTJ was link-edited becomes the first 
FGT executing in queue 0. 

enables various priority interrupt levels (PIL's). 
It may also queue additional FGT's. 
this first FGT has executed an SVC DONE, other 
FGT's in queue 0 cannot begin processing, since 
FGT execution within any one of the four queues is 
serial. However, if this or any subsequent FGT in 
queue 0 issues an SVC WAIT or CHECK, control is 
given to any FGT in the next lower queue until the 
WAIT condition is satisfied. 

If no FGT requests are found in queue 1, or if 
queue 1 issues an SVC WAIT o r  CHECK, control 
passes to queue 2. If queue 2 does not require 
processing, control is passed to queue 3. If queue 
3 does not require processing, the BGJ is given 
control. The BGJ continues until it no longer needs 
the machine. At  that time the system enters the 
wait state. However, whenever a wait condition is 
satisfied (either by 1/0 completion of a WAIT o r  
CHECK, or by an entry being placed into an empty 
queue) for a queue whose priority is higher than the 
queue currently processing, the higher level queue 
is given control immediately. Only if the current 
queue is executing an SVC will the transfer not be 
immediate, and in that case it is deferred only until 
the SVC is completed. 

An RTT gains control whenever an interrupt is 
accepted from the PIL to which it is attached. On 
this basis, the RTT's are multiprogrammed by 
priority. Only one RTT can be attached to a given 
priority interrupt level, and this attachment con- 
tinues until the RTJ terminates. If the ATTACH 
SVC is issued a second time for a given PIL, the 
RTJ will be terminated. Thus a maximum of 32 
RTT's can be included in an RTJ. 

The distinction between ATTACH and ENABLE is 
important. Until the PIL has been enabled, an RTT 
will not receive control even if the priority interrupt 
is being generated. The ENABLE and DISABLE 
supervisor call routines can be repeated any num- 
ber of times. In fact, multiple ENABLE or DIS- 
ABLE supervisor calls to the same PIL will  not 
create a problem. However, only the PIL's that 
have RTT's attached can be referenced by the EN- 
ABLE and DISABLE SVC routines. The selective 
enabling or  disabling can be performed for one or 
more specific PIL's without changing the enable/ 
disable status of the other PIL's. 

Normally, the first FGT attaches the RTT's and 

However, until 

The ENABLE and 

27 



DISABLE SVC's can be issued from any FGT, RTT, 
or timer routine. However, if the enabling and dis- 
abling of PIL's is handled in RTT's, care should be 
taken to assure that the correct enable/disable 
status is maintained. An RTT enabling o r  disabling 
a PIL can be interrupted by a higher level PIL be- 
fore the ENABLE or  DISABLE SVC is actually 
executed. Also, the RTT can return to a lower 
level PIL, which can also issue an ENABLE/DIS- 
ABLE SVC and completely negate the effect of the 
current RTT. 

the RTT attached to the lower PIL is not necessarily 
prevented from further execution If the higher 
level RTT had interrupted while the lower RTT was 
in a state of execution, when the OLD PEW is loaded, 
control will  return to the RTJ attached to the dis- 
abled PIL level, . 

Whenever an RTT disables a lower priority PIL, 

F GT2 

3.1.3 Foreground Task (FGT) 

F GT3 

Foreground tasks execute instructions in problem 
program state. The entry point to an FGT is de- 
fined when the FGT is queued. The FGT is com- 
pleted when the SVC DONE is executed. If a parti- 
cular FGT is to be executed more than once, it 
should be serially reusable and must be queued 
each time that it is to be executed. 

or  timer interrupt routine. However, since the 
status and registers are saved and restored by the 
system, the interrupt has no effect on the FGT 
except that time has elapsed. Only one FGT will  be 
processing at any time within one queue, To give 
control to an FGT, a request must be placed in the 
foreground queue via the QUEUE SVC. A QUEUE 
SVC can be executed from an FGT (in any of the 
four queues), an RTT, or a timer interrupt routine. 
A task priority, a parameter value (consisting of 
one fullword), and an indication of which queue is to 
receive the request is specified when the task is 
queued. The parameter value is loaded into general 
register 1 when the FGT is given control. The 
priority and the parameter value, together with the 
entry point, are placed in the specified foreground 
queue. 

If the specified foreground queue is empty when 
an RTT queues an FGT, the priority of the queues 
is reordered immediately after the system returns 
to the foreground level. 

If that queue.is of higher priority level than the 
queue currently in control, the current queue is 
suspended, and the new FGT is given control. 

Foreground tasks can be interrupted by any RTT 

If the queue is not empty, each entry is placed 
in the queue, and all processing continues un- 
changed. If a particular queued FGT is no longer 
desired, it can be unqueued by execution of the SVC 
UNQUEUE. However, the UNQUEUE SVC will 
affect all entries in the specified queue that exactly 
match the entry point and priority level specified. 
Entries are not deleted directly by the SVC UN- 
QUEUE. The UNQUEUE SVC invokes the QUEUE 
routine and results in an "unqueue" entry being 
placed in the specified foreground queue. Thus, 
when a particular queue is full, an attempt to 
unqueue an FGT cannot be successfully completed, 
The size of each of the four foreground queues 
may be varied only during system creation. The 
queues need not be the same size. 

When an FGT issues an SVC DONE, that entire 
queue is examined. If an t'unqueue" entry is found, 
all matching entries that were executed before the 
UNQUEUE are deleted. After that entire queue is 
processed, the request with the highest priority is 
given control. If two or more FGT's are found 
with equal priority, the oldest entry is given prece- 
dence. Once an FGT is given control, it continues 
until it issues an SVC DONE or a request for an I/O. 
When an FGT issues an 1/0 instruction, the controls 
are given to another FGT in another queue; upon 
completion of the I/O, the controls are returned to 
the FGT that requested the I/O. When the DONE is 
executed, the entire queue is again examined to 
account for any additional FGT's th@ may have been 
queued, and control is given to the FGT with the 
highest priority. 

of the higher levels cannot use the machine (either 
because it is waiting for 1/0 completion or because 
it is empty), the next lower queue wi l l  be given con- 
trol. If one of the queues can use the machine, the 
BGJ is given control. When the BGJ can no longer 
use the machine, the system enters the wait state. 

Thus, if RTT's, FGT's, or both are able to use 
all of the available time, the background job never 
receives control. 

A s  described in an earlier section, whenever one 
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3. 1.4 Controlled Real-Time Task 

The entry point of a controlled real-time task is 
specified as  a parameter to the ATTACH SVC rou- 
tine, when the RTT is attached to a specific prior- 
ity interrupt level. Completion of an RTT is ac- 
complished by the RETURN supervisor call, which 
returns control to the point of interruption. Once 
the PIL has been enabled, the RTT is given control 
every time the PIL interrupts. The RTT runs to 
completion unless it is interrupted by a higher PIL. 
In this case, the interrupting RTT completes and 
returns to the point of interruption as though the 
interrupt had never occurred. A controlled RTT 
executes instructions in problem state and cannot 
use the Model 44 P/S supervisor services. All  of 
the DAMPS SVC routines except INHIBIT/BGJ and 
RELEASE/BGJ may be used by a controlled RTT. 
However, execution of EORTJ in an RTT will cause 
both the RTJ and BGJ to be terminated. 

Only one RTT should be attached to a particular 
PIL. Any attempt to attach more than one RTT to 
the same PIL will result in RTJ termination. A 
unique 61-word save area must be provided for 

each RTT that is attached. This save area must 
not be used by the problem program. Also, each 
RTT that intends to use floating point registers 
must provide an additional save area consisting of 
four doublewords. When priority interrupts are 
accepted, these areas are used to save the status 
of the system. An example is shown in Figure 3. 

When the SVC RETURN is executed, registers 
and status are restored from that save area. 
PIL's can interrupt at any time, obviously any 
attempt to make use of the save areas in an appli- 
cation program would have catastrophic results. 

When the controlled RTT is given control, all 
registers and DAMPS facilities are immediately 
available to the RTT. The RTT establishes the 
required base registers and performs the neces- 
sary processing. Then, when the SVC RETURN 
is executed, control returns to the exact point of 
PIL interruption. Every time a priority interrupt 
is accepted, the appropriate RTT is given control. 
Thus, the same RTT will be executed as many 
times as  interrupts are accepted and therefore 
should be serially reusable. 
not required to be reentrant. 

Since 

However, RTT's are 

LA 
svc 
LA 
svc 
LA 
svc 

ATTPILl  

ATTPIL4 

1, ATTPILl  
32 
1, ATTPIL4 
32 
1, ENLIST14 
33 

DS OF 
DC A(REALTIM1) 
DC A(PSAVE1) 
DC H ' l '  
DC X'FFOO' 
DC F'O' 

DC A(REALTIM4) 
DC A(PSAVE4) 
DC H '4 '  
DC X'FFOO' 
DC F'O' 

*ATTACH RTTL 

*ATTACH RTT4 

*ENABLE P I L S  1 and 4 

*ENTRY POINT TO RTT 
*ADDR OF 61  WORDS P I L  SAVE AREA 

*CTL BYTES 
*NO FLOATING POINT AREA 

-*PIL NUMBER - 1 

same comments as above 

PSAVEl DC 6 1  F'O' SAVE AREA FOR P I L  1 
PSAVE4 DC 6 1  F'O' " 4 1 1  11 I' 

Figure 3. Example of a controlled RTT 
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3.1. 5 Uncontrolled Real-Time Task 

There are two types of uncontrolled RTT's: 
1. The totally uncontrolled RTT, which never 

uses the DAMPS supervisor and runs to completion 
in supervisor state with a storage protect key of 
zero. Control is returned to the point of interruption 
by execution of the LPSX instruction. 

2. The uncontrolled but convertible RTT, which 
receives direct control in supervisor state and 
converts to a controlled RTT in problem state in 
order to use the DAMPS Supervisor. 
routine completes as a controlled RTT, it issues 
the SVC RETURN like a normal controlled RTT to 
return to the point of interruption. 

A parameter of the ATTACH SVC specifies 
whether the RTT is to be controlled, totally un- 
controlled, or uncontrolled but convertible. 
both the controlled and the convertible RTT, a 61- 
word save area must be provided. The save area 
is not required for the totally uncontrolled RTT. 
The single advantage of the uncontrolled RTT is that 
it receives immediate, direct control. However, 
due to the design of the priority interrupt feature, 
immediate control is guaranteed only for the highest 
PIL enabled. Each lower PIL cannot interrupt until 
everyPIL of higher priority is inactive. 
example, if an uncontrolled RTT is attached to 
PIL 3, and an interrupt is received by PIL 3 when 
a controlled RTT attached to PIL 2 is processing, 
the interrupt at PIL 3 will  not be honored until 
PIL 2 has completed. Because uncontrolled RTT's 
receive control directly, the system status and all 
registers are vulnerable. Before the uncontrolled 
RTT can change the contents of any register, it 
must save the contents of that register. Since all 
register contents are unpredictable, the RTT must 
use the appropriate bootstrap word in lower core 
(addressable without a base register) to store 
(bootstrap) the first register. This register can 
then be used as the base register to store any other 
registers that may be changed by the uncontrolled 
RTT. For the totally uncontrolled RTT, any 
register can be saved in the low-core location. 
A convertible RTT, however, must store register 
15 and follow a precisely defined series of instruc- 
tions in order to convert to a controlled PIL. For 
each PIL, a unique word exists in lower core that 
can be used to bootstrap the first register (see 
Appendix B). If other than the specific word is used, 
the resulting damage to the system is unpredictable. 
Also, the low-core word must not be used for any 
other purpose. 

Although uncontrolled RTT's execute in the 
supervisor state with a zero protection key 8, ex- 
ecution of any instructions that alter the status of 
the system (such as SIO, SVC, SSM, or LPSW) is 

Since this 

For 

For 

prohibited. When the uncontrolled RTT is completed, 
it must restore the system status and all registers 
to the exact contents at the time of interruption and 
then execute the LPSX instruction for the appropriate 
old PIL PSW (see Appendix B). This procedure 
resets the priority latch and returns control to the 
point of interruption. However, system status and 
register contents are the responsibility of the un- 
controlled RTT. For this reason, and because the 
uncontrolled RTT's execute in supervisor state, 
they are considered an extension of the DAMPS 
supervisor. If at all possible, controlled RTT's 
should only be used. 

If an uncontrolled RTT is to be converted, the 
first instruction to receive control must be: 

(ENTRY POINT) ST 15, LOWWORD 
LOWWORD is the absolute address of the appro- 

The uncontrolled RTT must save all registers 
priate bootstrap word as outlined in Appendix B. 

that will be changed before conversion. Registers 
to be used after conversion need not be saved. The 
uncontrolled part of the RTT can now be executed. 

When the RTT is ready to be converted, it must 
save registers 13 and 14 (unless it has already 
saved those registers), load the PIL number (a 
binary value from 0-31) and BAL 14, ALLOW. 
ALLOW is a routine located in lower memory that 
will save the system status normally saved by the 
DAMPS supervisor. 
ALLOW is given in Appendix B. 

14 must be restored to the contents they had when 
the RTT received control. Any other registers 
that were changed, with the exception of register 
15, must also be restored. The associated LOW- 
WORD must remain unchanged from the start of 
the RTT. At  this point, the contents of registers 
0 through 14 should be the same as they were 
immediately following execution of the first instruc- 
tion by the controlled RTT. Next, the uncontrolled 
RTT issues the CONVERT supervisor call, which 
will convert the RTT from uncontrolled to con- 
trolled. The SVC CONVERT routine saves the 
registers and returns control to the RTT in problem 
state. At this point, the converted RTT may use 
any of the system functions that are available to a 
controlled RTT. The RTT will again be uncontrolled 
for subsequent entries. The same series of con- 
version instructions must be executed for each 
interrupt. 

An example of an uncontrolled convertible RTT 
is shown in Figure 4. Assume that this RTT is 
attached to PIL 5. Since registers 13 and 14 must 
always be saved if an RTT is to be converted, these 
registers should be ysed as work registers before 
conversion. 

The absolute address of 

When ALLOW returns control, registers 13 and 
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SOURCE STATEMENT 

CONVERT EQU 36 
RETURN EQU 35 
LOWWORD5 EQU 1320 
ALLOW EQU 1920 

* ENTRY POINT TO THE RTT 
ENTRYP ST 15,LOWWORD 5 ** SAVE REG 15 

BALR 15,O SET UP BASE REGISTER 
USING *,15 
ST 1, REGl SAVE REGISTERS 1 AND 2 
ST 2, REG2 WHICH WILL BE USED BY UNCONTROLLED 

ST 13, REG13 ** SAVE 13 and 14 
ST 14, REG14 

* PART OF THE RTT 

** 
..................................... 

* PERFORM IMMEDIATE RESPONSE 
* UNCONTROLLED PART OF RTT. * 
* 
* USE ONLY REGISTERS 1,2,13, AND 14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L 13, PILNUMBR ** LOAD PIL NUMBER INTO 13 
BAL 14,ALLOW ** CALL ALLOW ROUTINE 
L 13, REG13 ** RESTORE REGISTER 13 
L 14,REG14 ** AND 14 
L 1, REGl RESTORE REGISTERS 1 AND 2 

SVC CONVERT ** CONVERT TO CONTROLLED RTT 
. . L  2,REG2 

LAST INSTRUCTION TO BE EXECUTED IN SUPERVISOR STATE 

AT THIS POINT ALL REGISTERS BECOME AVAILABLE AND ALL 
DAMPS SVCS MAY BE USED. THE RTT HAS BEEN CONVERTED TO 
A CONTROLLED RTT IN PROBLEM PROGRAM STATE. 

WHEN READY TO RETURN TO THE POINT OF INTERRUPTION, THE 
FOLLOWING SVC IS EXECUTED. 

SVC RETURN 

PIL NUMBER 5 PILNUMBR DC F'5' 
REGl DS F 
REG2 DS F 
REG13 DS F 
REG14 DS F 

* END OF RTT 
* 

Figure 4. Example of a convertible, uncontrolled RTT 
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3. 1. 6 Timer Interrupt Routine 

A timer interrupt routine is established in exactly 
the same manner as a normal Model 4 4  P/S timer 
interrupt routine, except that: 

1. An address in register 13 is not required. 
2. A routine can be established for each of the 

four queues. 
A timer routine entry point can be changed by 

execution of another STXITC SVC from the same 
foreground queue. The time interval for a timer 
routine is set and changed exactly as for the Model 
44 P/S. The routine to be affected is determined 
by which queue issues the SETIME SVC, 
routine must issue an SVC RTXITC in order to 
return to point of interruption. 

When the timer interval has expired, an external 
interrupt is generated. The timer interrupt handler 
saves all registers and system status and gives 
control to the appropriate timer interrupt routine in 
problem program state with all channels and external 
interrupts masked. All  registers and most DAMPS 
SVC routines are immediately available to the timer 
routine. 
issue any SVC's. A timer routine must establish 
whatever base registers it requires. When a timer 
routine is completed, it issues the SVC RTXITC, 
which returns control to the point of interruption. 
The resulting effect on the interrupt program is as 
though the interrupt had never occurred, A timer 
routine cannot use any other Model 44 P/S super- 
visor services. Thus, a timer interrupt routine 
cannot use the timer facilities (GETIME, SETIME, 
and STXITC). One timer routine cannot interrupt 
an RTT, another timer routine, or any of the 
supervisor routines. 

and the BGJ can be interrupted by any user's timer 
routine. Since the BGJ timer routine is capable of 
interruption, thus suspending the foreground, 
caution should be used when an RTT is multipro- 
grammed with a BGJ that uses a timer routine. 

but the RTT will return control to the exact point 
of interruption. Therefore, the interruption will  
have no effect on the timer routine. 

The timer 

However, the BGJ timer routine may not 

However, an FGT from any one of the four queues 

A timer routine may be interrupted by an RTT, 

3.2 INPUT/OUTPUT 

The DAMPS extended channel scheduler provides a 
means to schedule and initiate input/output (I/O) 
when reentrancy or low overhead is required. Re- 
entrancy and lack of overhead, however, impose 
certain restrictions and burdens on the user that 
do not exist under other 1/0 routines. Some of 
these additional responsibilities are relieved by the 

use of system subroutines provided for constructing 
1/0 control blocks and channel programs- and for 
executing and checking 1/0 operations. A call to 
one of these routines incurs some overhead; how- 
ever, careful planning will  minimize the effect of 
this overhead, and the editing performed by the 
subroutine may reduce debugging time. These 
modules reside in the relocatable library and are 
described in section 2. 

The System/360 Model 44 P/S channel scheduler 
is not replaced by the DAMPS 1/0 module. The two 
routines coexist; therefore, 1/0 requests issued to 
the System/360 Model 44 P/S scheduler are valid if 
they are issued at foreground level. Use of the 
DAMPS channel scheduler is valid at either fore- 
ground or priority level. Devices that are supported 
by the System/360 Model 44 P/S but that will be 
accessed through DAMPS may be referenced by 
OPEN and CLOSE statements. 

3.2.1 Requesting 1/0 

As in the System/360 Model 44 P/S, the request 
control block (RCB) is used for the information 
exchange between the problem program and the 
channel scheduler. Before execution of a request 
for I/O, the programmer must have established an 
RCB that defines the operation in terms of device, 
channel program, and processing options. The 
channel program referenced in the RCB must also 
have been constructed before issuing the 1/0 request. 
The actual request for 1/0 (SVC 43) is executed with 
register 1 containing the address of the RCB. 
Neither the channel program nor the RCB should be 
altered until the completion bit has been posted in 
the RCB by the channel scheduler. At this time, 
ending status detail is available in the RCB in the 
form of the channel status word and sense data. 
Indicators that summarize the ending status are 
also set in the RCB communication byte. 

3. 2. 2 Real-Time Task Input/Output 

When an RTT receives control, all channels are 
masked, that is, no 1/0 interrupts can occur. If 
the programmer wishes to allow 1/0 interrupts in 
the RTT, he must unmask the channel or channels 
with which he is concerned. Bits 0 - 2 of the 
referenced byte replace system masks bits 0 - 2, 
and the new mask remains in effect until another 
mask change is requested or until the RTT releases 
control. 

interrupts at the device or subchannel level; thus, 
when the channel is enabled, the program is subject 
to interruption by any device operating on that 

No capability exists for selectively enabling 1/0 
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channel. Each interruption caused by a real-time 
device increases the execution time of the RTT by 
a minimum of 1.2 milliseconds. The processing of 
priority level interruptions caused by non-real-time 
devices is deferred until control returns to the 
foreground level. 
for this type of interruption, however, includes 
execution of routines that stack and unstack the 
interrupt data. If interruptions from non-real-time 
devices are to be accepted during RTT's, the high- 
resolution interval timer is required. 

other than the one at which the operation was ini- 
tiated, or when the same 1/0 facilities are being 
accessed at more than one priority level, an RTT 
may have to give up control without being able to 
satisfy a completion test on a previously requested 
operation. The following examples illustrate this 

The processing time required 

When an I/O interrupt is taken at a priority level 

point. 
Example A. 

Example B. 

PIL 1 requests an input operation 
and releases control. 

When the channel is enabled at the 
foreground level, the interrupt from 
the input operation is accepted by 
the CPU, and control is given to the 
I/O interrupt handler. At  this point 
the operation is physically com- 
plete, but, before execution of the 
routine that sets the completion 
indicator in the RCB, PIL 1 inter- 
rupts and tests the RCB for com- 
pletion of the previous operation. 
The completion indicator will not 
be set ON until PIL 1 again releases 
control and until the channel sched- 
uler resumes processing at the 
priority level at which the 1/0 
interrupt occurred. 
The digital input unit in the 1827 is 
being accessed at PIL 0 and PIL 1. 

The RTT for PIL 1 requests an 
input operation, and the channel 
scheduler has set the device logi- 
cally busy before actually initiating 
the operation with the SI0 instruc- 
tion. PIL 0 interrupts and also 
requests an 1/0 operation. This 
second request is placed in the 
channel queue and is initiated only 
after control has been returned to 
the channel scheduler at PIL 1, the 
first request has been started, and 
the resulting interrupt has been 
processed. 

3 . 2 . 3  Channel Queuing 

When a request for 1/0 is executed, certain tests 
are made by the supervisor to determine whether 
the required facilities are available. If the device 
o r  channel facilities are busy and the user wishes 
to allow deferred execution of I/O, the request is 
placed in a queue and will be executed in turn when 
the facilities become available. The queues are 
maintained by channel, within channel by priority 
level of requesting routine, and within priority 
level by order of request. When an 1/0 interrup- 
tion occurs, the channel scheduler attempts to 
initiate 1/0 requests that have been queued for the 
interrupting channel. The location in the queue at 
which the initiation attempt begins is the first re- 
quest for the priority level in control when the 1/0 
interruption occurred. If control is at foreground 
level, queue examination begins at priority level 
zero. 
priority with level zero following foreground if the 
starting point was not level zero. 

The examination progresses from high to low 

3 . 2 . 4  1827 Data Control Unit -- Programming 
Notes 

Reading analog input in the random mode requires 
concurrent operation of the Analog-to-Digital Con- 
verter (ADC) and the Multiplexor Control. If the 
comparator is used for input limit checking (in the 
normal mode) , it must run concurrently with the 
ADC and MPX Control. 
are defined by the user through linked RCB's and 
are initiated by executing one request for 1/0 (SVC 
43 or  FRTIO), which references only the first RCB 
in the series. 
always constructed in contiguous storage locations, 
are formatted as follows: 

These "multiple operations'' 

The required RCBIs, which are 

Random analog scan 
1st RCB -- Definesthe operation for the ADC, 

option code bit 1 = 1 

Control, option code bit 1 = 0 
2nd RCB -- Defines the operation for the MPX 

Random analog scan with comparator (normal 
mode) 

1st RCB -- Defines the operation for the 
comparator, option code bit 1 = 1. Option code bit 
4 must be set to 1 to cause the channel scheduler to 
force ending status when the ADC has indicated 
rTend''. Omission of this bit causes the comparator 
to remain busy, and the RCB will not be set 
complete. 

option code bit 1 = 1 

Control, option code bit 1 = 0 

2nd RCB -- Defines the operation for the ADC, 

3rd RCB -- Defines the operation for the MPX 
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Additional requirements for linked RCB's are: 
1. If either the no-input/output-queuing or FGT- 

queuing option is applicable to the operation, 
the indication must be in the first RCB. 

2. Each of the devices involved in the operation . 

provides its own ending status; therefore, 
each of the RCB's must be tested for com- 
pletion before the operation can be considered 
complete. 

SYSUNIT 

3.2. 5 Tapes as a Real-Time Device 

OPTION COMMUNICATION 

Programmers planning to use the DAMPS facilities 
instead of the System/360 Model 44 P/S facilities 
for magnetic tape operations should remember that 
the supervisor will  not provide for  error  recovery. 
If the nature of the application is such that time is 
available for re-try, the programmer is responsible 
for providing an error routine that analyzes the 
CSW to determine whether the error  is recoverable. 
If chained CCW's are used in the recovery proce- 
dure (for example, backspace-erase-write) , and if  
the tape control unit is Model 2404/2804--Simulta- 
neous Tape Control, the programmer should be 
thoroughly familiar with the functional character- 
istics of this unit and be prepared to handle the 
situation when a busy condition is encountered 
during execution of the channel program. An alter- 
native, although more costly in terms of execution 
time, is to execute the recovery as three unchained 
CCW'S. 

magnetic tapes are to be used in a real-time environ- 
ment. The software support of magnetic tapes in the 
area of error recovery must be considered as an 
integral part of the device when determining reliabil- 
ity and data integrity for the magnetic tape unit. 

Careful consideration should be taken when 

The use of DAMPS (nonrecovery) versus the 
Model 44 P/S (recovery) for tapes will have a direct 
impact on reliability and data integrity. 

Users of magnetic tape units in a real-time 
(nonrecovery) environment should place more 
emphasis on the following: 

perfect as possible 
1. Testing and use of tapes that are as nearly 

2. More frequent cleaning of the tape transport 
3. Extreme care in handling of tapes 
The System/360 Model 44 P/S SVC's OPEN and 

CLOSE can be used if they are issued at foreground 
level. NOTE and POINT will produce invalid re- 
sults, since DAMPS does not maintain file position 
pointers. 

3. 2. 6 Request Control Block 

The format of the RCB is: 
I 

WORD 0 

WORD 1 

WORD 2 

WORD 3 

CHANNEL STATUS WORD 

SENSE DATA 

WORD 4 

WORD 5 

WORD 6 

WORD7 I CHANNEL QUEUE POINTER 
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The fields of the RCB are described in the following 
table: 

Word 

0 

0 

0 

Byte 

0 

1 

2 

Description 

Symbolic unit index (user-defined). Codes are the same as 
those defined for Model 44 P/S I/O. 

Option code (user-defined): 
Hex 80 = Request not to be queued if required facilities are 

busy. Applies to all RCB's that are part of a multi- 
ple operation. Must be set in the first RCB. 

Hex 40 = Multiple operation. Indicates that the RCB located 
in the eight words following this RCB is to be processed 
as part of this operation. This option is designed 
for 1/0 requiring concurrent operation of two or 
three devices (for example, random analog input 
from the 1827 DCU). 

Hex 20 = Burst mode operation. Indicates that the channel 
program will  force burst mode on a device that does 
not normally operate in burst mode, 

Hex 10 = Queue foreground task when this operation is complete. 
Word 2 of the RCB contains the address of the param- 
eter list required by the system queuing routine. The 
FGT will not be queued if an inoperative channel or 
device prevents starting the operation (bit 2 of com- 
munication byte = 1, and channel-end in CSW = 0) 
o r  if the operation is not started due to a busy con- 
dition (indicated ky bit 3 of the communication byte). 

Hex 08 = Indicator for comparator operation in normal mode 

Communication byte (set by channel scheduler): 

Hex 80 = Operation complete. May be accompanied by other 
bits indicating abnormal conditions. 

Hex 40 = Abnormal end. Summary indication that ending 
status was other than normal. Condition is further 
defined by the CSW in bytes 12 - 19 of the RCB. 

Hex 20 = Nonoperational channel or device. Set whenever 
(1) an error  is indicated when SI0 instruction is exe- 
cuted, or (2) an error  prevented completion of a 
sense operation, 

Hex 10 = Operation not initiated. Channel or device was busy 
and Ifno queuing" is indicated in the option code. 
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Word 

0 

1 

2 

2 

3-4 

5 

6-7 

Byte 

3 

4-7 

8 

9-11 

12-19 

20-23 

24-31 

Description 
~ 

Reserved for system use 

Address of channel program (user-defined) 

Return code from FGT queuing (set when operation is completed): 

00 = FGT successfully queued 
0 1  = FGT not queued. Device or  channel not operational or 

operation not initiated due to busy condition when %o 
queuing" is specified in option code. 

04 = Invalid parameter list address (FGT not queued) 
OF = Invalid FGT priority (FGT not queued) 
FO = Invalid FGT entry point (FGT not queued) 
FF = FGT queue fu l l  (FGT not queued) 

Address of foreground task parameter list when bit 3 of option code 
= 1. The parameter list format is: 

Word 0, byte 0 = FGT, priority 
Word 0, bytes 1-3 = FGT entry point address 
Word 1 = address or value that is to be passed to the FGT 

CSW at completion of I/O operation 

Sense data. 
of communication byte is off. 

Present if  Itunit checkf' is indicated in CSW, and bit 2 

Reserved for system use 

3.3 FORTRAN 

A DAMPS 2 FORTRAN real-time job (RTJ) consists 
of one main program containing the setup calls and 
definitions, and several subroutines, each represent- 
ing a real-time task (RTT) or a foreground task 
(FGT). The RTT's and FGT's actually are the com- 
putational programs. The main program contains 
mostly the definition. The rules for writing DAMPS 
RTT's are the same as for writing ordinary FOR- 
TRAN programs, with the exception of the conven- 
tions outlined in the following paragraphs. 

The FORTRAN RTJ begins processing in the main 
program, and remains a normal FORTRAN program 
until a CALL FIDRTJ is executed. After the CALL 
FIDRTJ, all of the DAMPS-executed facilities can 
be used via the FORTRAN subroutines described in 
section 2.2. The programmer in the main program 
attaches the PIL's to certain programs, sets up re- 
quest control blocks for reading and writing data, and 
enables the PIL's of those RTT's that must begin exe- 
cution immediately. The main program is an FGT 

and must be terminated with a CALL FDONE state- 
ment. For each RTT the programmer must estab- 
lish two save areas and associate the RTT with a 
priority interrupt level. 

used by the system for storing intermediate results 
and the contents of the general registers at priority 
interrupt time. The second save area is a four- 
doubleword save area. It is used to save the contents 
of the four floating point registers at priority inter- 
rupt time. The DIMENSION statement is used to es- 
tablish these two save areas. 

The first save area is 61 words in length and is 

For example: 

DOUBLE PRECISION SAVElD, SAVEl 
DIMENSION SAVElD ( 4 )  
DIMENSION SAVEl (31) 

The association between the RTT and the PIL is 
established through the FATACH subroutine. For 
example: 

CALL FATACH '(PRG1, SAVE1, 4, SAVElD) 
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Where P R G l  is the name of the RTT, SAVE 1 is the statements but does not apply to the mathematical 
61-word save area, 4 is the PIL number, and subroutine library. 
SAVElD is the four-doubleword save area. In all RTT's reading and writing must be done 
names of subroutines that are passed as arguments with DAMPS inPut/output routines. However, all 
in a CALL statement must be defined by an EXTERNAL of the DAMPS extended facilities, including input/ 

The 

statement. For example: 

EXTERNAL P R G l  

Each FORTRAN RTT must be written as a FOR- 
TRAN subroutine and must be terminated by a CALL 
FRETRN statement. For example: 

SUBROUTINE PRGl 
DIMENSION A(10), B (10) , C (10) 
EXTERNAL PRINT 

CALL FRETRN 
END 

While CALL FRETRN represents the last exe- 
cutable statement in a FORTRAN RTT, it does not 
preclude the necessity for an END statement. 
TRAN RTT's may not execute any FORTRAN state- 
ments requiring the use of IBCOM. In particular 
this convention applies to FORTRAN input/output 

FOR- 

output, are available to the FORTRAN programmer 
via the subroutines outlined in section 2 .2 .  Chan- 
nels are normally masked during the execution of an 
RTT, but this condition can be reversed by appro- 
priate use of the FMSK and FUNMSK subroutines. 

as a FORTRAN subroutine. Each FGT, as  well as 
the main program, must be terminated by a CALL 
FDONE statement. 

The CALL FDONE in the main program must be 
executed before subsequent FGT's can be executed, 
but this requirement has no effect on RTT's. It is 
advisable to do only the setups in the main program 
and some preliminary computation, if needed. Then 
the RTT's and FGT's should be programmed for  the 
solution of the problem. 

ure 5. The use of FDONE does not preclude the 
necessity for the END statement. 

able FORTRAN statement, including input/output. 
The execution of an FGT is instigatedbythe MQUEUE 
and FQUEUE statements. 

Each FORTRAN foreground task (FGT) is written 

An example of a main program is shown in Fig- 

FORTRAN FGT's may use any normally execut- 

DIMENSION ITRCB(8) 
DIMENSION X (6) 
DOUBLE PRECISION SAVElD, SAVEZD, TPCCW 
DIMENSION SAVElD(4), SAVE2D(4) , TPCCW(2) 
DIMENSION SAVE1 (61), SAVE2 (61) 
EXTERNAL PRG1, PRG2 
COMMON X, ITRCB, TPCCW 

C TELLS THE SUPERVISOR THAT THE PROGRAM CONTAINS DAMPS 
C STATEMENT. 
C 

C 
C BUILD AN RCB AND CHANNEL PROGRAM FOR TAPE WRITING 
C 

CALL FIDRTJ 

CALL FRCBSU (ITRCB, 28, TPCCW) 
CALL FTWRIT (TPCCW, X, 24) 

CALL FATACH (PRG1, SAVE1, 16, SAVElD) 
CALL FATACH (PRG2, SAVE2, 4, SAVE2D) 
CALL FENPIL (255, 16, 4) 
CALL FDONE 
END 

C ATTACH PRIORITY INTERRUPTS TO RTTS 

Figure 5. Example of a main program 
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3.3.1 MQUEUE 

There are four program queuing areas --0, 1, 2, 
and 3. Queue 0 has the highest priority, 3 the low- 
est; that is, all programs queued in queue 0 are exe- 
cuted first, then programs in queue 1, and so on. 
In the same way that the FATACH statement associ- 
ates an RTT with a PIL, the MQUEUE statement 
associates an FGT with a queue. Queuing can be 
done in any RTT or FGT program: 

CALL MQUEUE (P, NAME, IRET, PARAM, Q) 

P = Priority 
NAME = Name of entry point to FGT (that is, 

IRET = Return code o r  completion code 
Q =Queue indicator (0, 1, 2, or 3) 
PARAM = Parameter value (can be used to pass 

program name) 

a variable to the queued subroutine) 

Example: 

SUBROUTINE RTTl 
DIMENSION A (10) , B (lo) 

EXTERNAL FGTl 

CALL MQUEUE (10, FGT1, I, 0, 0) 
IF (I.EQ.255) CALL FRETRN 
IF (I.NE.0) CALL FCANCL 

CALL FRETRN 
END 

After the CALL MQUEUE, two statements test the 
completion code. The programmer may branch to 
any routine, depending on the condition of the re- 
turn code. 

The DAMPS system provides the programmer 
with several FORTRAN input/output subroutines for 
use in RTT's as  described in section 2.2. Under no 
conditions may the regular FORTRAN input/output 
statements be used in RTT's. In general, the user 
is required to establish a request control block 
(RCB) and channel program before actually execut- 
ing the input/output. These can be established 
once in the main program and then used in any RTT 
or FGT routine, 

Example: 

DIMENSION NRCBR (8), ARRAYR (2) 
DINENSION RDCCW (2) 
DOUBLE PRECISION RDCCW 

CALL FRCBSU (NRCBR, 28, RDCCW) 
CALL FAISEQ (RDCCW, ARRAYR, NRDPT, 2) 
CALL FRTIO (NRCBR) 

The above setup will read two analog points 
through 1827 into the Model 44. 

NRCBR is an array for the RCB, 28 is the sym- 
bolic unit number, and R X C W  is an array for the 
channel program. ARRAYR is an array where the 
data will be read in. NRDPT contains the 1827 
point addresses, and 2 is the number of points to 
be read. 

3 . 3 . 3  FORTRAN Input/Output 

The actual scheduling of any input/output operations 
(that is, reading and writing data) is accomplished 
by a CALL FRTIO statement. 

Actual input/output is carried on simultaneously. 
An FCHECK subroutine has been provided to check 
the progress of input/output operations, 

Example: 
3.3.2 FQUEUE 

The FQUEUE is the same as MQUEUE with one ex- 
ception--it has one queuing area. 
dicator need not be passed as a parameter in the 
statement. 
queue 0. 

The queuing in- 

The request goes automatically into 

CALL FQUEUE (5, PRINT, IR, 0) 

The print routine is queued with a priority of 5, IR 
contains the completion code, and zero is a param- 
eter value. 

5 CALL PCHECK (NRCBR, IRET) 
IF (IRET.EQ.0) GO TO 10 
IF (IRET.EQ.4) GO TO 20 

10 CALL FRTIO (NRCBR) 

20 

GO TO 5 
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Before issuing the FRTIO statement, it is ad- 
visable to issue the F CHE CK and then interrogate 
the return code about the status of the channel. 

In the above example, the first test on the com- 
pletion code is to see whether the previous opera- 
tion has been completed normally. If it has, the pro- 
gram branches to statement 10, where a new read 
is issued. The other test is to see whether the 
channel is busy. If it is, the program branches to 
statement 20, where the programmer may wish to 
execute other instructions, and then returns to the 
FCHECK statement. 

was constructed. IRET is the return code. 
NRCBR is the address of the area where the RCB 

3. 3.4 Overlay 

The complete overlay capability available to the 
. Model 44 P/S programmer is available to the DAMPS 
programmer. In an RTJOB, the overlay techniques 
are identical to those used by the Model 44 P/S 
programmer, except that he may not violate the 
rules for using Model 44 P/S facilities in RTT's. 
Consequently, the FORTRAN calls LINK and LOAD 
can not be used in an RTT. In an RTJ, the overlay 
phases can be prepared in real time in the back- 
ground and fetched into the foreground partition, 
overlaying phases that are not currently needed. In 
an RTJ, care must be taken to avoid fetching phases 
that are not in the phase library or that are under- 
going modification by the background job stream. 
For a general discussion of job preparation and re- 
lated concepts, see section 4, "System OperationT1. 
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4. SYSTEM OPERATION 

4.1 CONCEPTS 4.2.4 RTJOB--Job Control Statement 

The two partitions in DAMPS are  operated inde- 
pendently. There are two sources for job control 
input. BGJ's and RTJ's can be initiated and ter- 
minated independently. Each partition has a 
separate job control processor, but they do not run 
simultaneously because there is only one set of 
system tables for the entire system. However, ,the 
system automatically interlocks; therefore, the 
user need not concern himself with this duality. 
DAMPS in all cases gives priority to the fore- 
ground partition--while an RTJ is being loaded, the 
BGJ is held up. In effect, the real-time loading 
acts as if it were an FGT. 

4.2 PREPARING REAL-TIME JOBS 

RTJ's and BGJ's are prepared in the background 
partition using the standard Model 44 P/S proc- 
essors. Processing of BGJ's is completely 
compatible with the Model 44 P/S. The procedures 
differ slightly, however, for the RTJ. Some new 
parameters have been added to the system to assist 
in preparing and operating RTJ's. These are out- 
lined in the following paragraphs. 

4.2.1 RTLOAD--Operator Command 

The RTLOAD is an operator command for loading 
the real-time job control processor into the fore- 
ground partition. After the processor is loaded, 
the operator may proceed to enter the job control 
statements associated with the RTJ. The initial 
phase of the RTJ must be in the phase library, 
already prepared in a background job. 

4.2.2 RTCNCL--Operator Command 

The RTCNCL is an operator command used for 
canceling an RTJ. All activity in the foreground 
partition ceases, and a dump is provided if it was 
specified in the RTJ statement. 

4.2.3 RTJ--Job Control Statement 

The RTJ statement replaces the JOB job control 
statement when executing jobs in the foreground 
partition. In all other respects, the foreground 
and background job control statements are identical. 

The RTJOB statement replaces the JOB job control 
statement when executing RTS s requiring both 
partitions. 

4.2.5 R--Linkage Editor Parameter 

The R linkage editor parameter replaces the S 
parameter in the PEIASE statement for RTSs. 

Example: 

Link-edit a program for execution in the fore- 
ground partition. The program is composed of one 
phase called REALTIME and two modules, MAIN 
and SUB A, already in the module library. The 
required job control statements are: 

/ /  EXEC LNKEDT (KEEP) 
PHASE REALTIME, R 
INCLUDE MAIN, L 
INCLUDE SUBA, L 
ENTRY 

/* 
/& 

The phase is now contained in the phase library 
ready for loading by the real-time job control 
processor. Notice that the keep option is required 
to enter the phase into the phase library. 

4.2.6 ROOR--Linkage Editor Parameter 

The ROOR linkage editor parameter replaces the 
ROOT parameter in the PHASE statement for 
RT J's. 

4.3 OPERATION OF TWO-PARTITION SYSTEM 

The normal mode of operation for DAMPS 2 is 
two-partition operation. In the distributed system, 
the real-time partition, which resides immediately 
above the supervisor, is fixed at 36,623 bytes. 
The background partition, located from the top of 
the real-time partition to the end of core storage, 
fills the remainder of storage (48,908 bytes in a 
2044 Model G). Appendix D shows a detailed core 
storage map for the distributed system on a 2044 
Model G. The sizes of these partitions can be 
altered by reassembling and link-editing the system. 
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However, each partition must be large enough to 
contain the pertinent job control processor. The 
procedure for modifying partition size is given in 
the System Manual. 

The background job stream, which enters via 
SYSRDR, may contain all Model 44 P/S facilities 
and console operations, with one exception. If the 
real-time partition is active, the background job 
stream may not execute a CONDENSE on the system 
phase library, SDSABS. If this operation is en- 
countered in the background job stream while the 
real-time partition is active, the CONDENSE 
operation is flagged with a VOL REQ ERR, and the 
JOB continues. If the foreground partition is active 
for a significant part of the day, it is advisable to 
have a utility job to CONDENSE SDSABS whenever 
the real-time partition is quiescent. 

4.4 OPERATION OF SINGLE-PARTITION SYSTEM 

Sometimes a real-time program will be too large to 
f i t  within the real-time partition. To handle this 
problem and provide compatibility with DAMPS 1, 
provision has been made in DAMPS Version 2 to 
revert to single-partition operation. To initiate 
this procedure, both the real-time and background 
Partitions must be cleared out. The real-time job 
is then called out of the phase library by an appro- 
priate stream of job control cards read through the 
card reader. Using this mode of operation, all 
devices and system units are available to the job. 

tion to the job control processor, a new job control 
statement has been added: 

When using this statement, the following restrictions 
must be observed: 

1. Only one job step is allowed--the program 
must have been previously link-edited and placed 
into the system phase library. 

ACCESS, ALLOC, LABEL, and EXEC. 
At the completion of this job, the system reverts to 
two-partition operation and reads the card reader 
for the next job. This next job may be a normal 
background job o r  another RTJOB. 

job stream after an RTJ is already operating in the 
foreground partition, the RTJOB will be ffflushed'f, 
that is, skipped over in the job stream. If an 
RTLOAD operator command is recognized after an 
RTJOB is in execution, the operator command will 
be ignored. 

To identify this single-partition mode of opera- 

/ / RTJOB 

2. The only valid job control statements are 

If an RTJOB statement appears in the background 

4.5 ALLOCATION OF SYSTEM UNITS 

During two-partition operation of the system, 
symbolic system units can be assigned to only one 
partition. The assignments for the distributed 
system are: 

1. SYSABl through SYSOlO are assigned to the 
background partition, or the BGJ. 

2. SYSOll through SYSOBO are assigned to the 
foreground partition, or  the RTJ. 
During single-partition operation, the symbolic 
system units are all assigned to the real-time job, 
o r  RTJOB. 

The exact assignment of symbolic system units 
can be changed. The only fixed requirements are  
that SYSABl through EX5003 be assigned to the back- 
ground partition, and that the symbolic system 
units assigned to either partition be contiguous. 

4.6 DEVICE ASSIGNMENT 

During two-partition operations, a device can 
generally be assigned to only one partition. 
Certain devices are also restricted to the back- 
ground partition be'cause of the functions they 
perform for the system. The specific rules are: 

1. The system printer is restricted to the 
background partition. 

2. The system card reader is restricted to the 
background partition. 

3. The system residence unit is permanently 
assigned to the background partition. However, the 
rule against sharing devices does not apply to the 
system's use of the permanently assigned system 
input data sets such as SDSAB1. 

4. The 1052 console can be used by both 
partitions. When using it as an input device, the 
following precautions must be observed: 

a. The device remains busy during an 
entire read operation. If an RTJ cannot 
afford to wait, the device must not be 
used for input. 
The RTJ must precede each read by 
writing a descriptive message or  
command without an intervening wait. 
In this manner, the operator will always 
know when he is typing a message to the 
RTJ. 

partition--but not to both. 

b. 

5. All other devices can be assigned to either 
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5. ERROR HANDLING 

DAMPS has not extended the specific error  re- 
covery features of the Model 44 P/S. In the back- 
ground partition, errors  are handled exactly as in 
the Model 44 P/S, In the foreground, the real-time 
user is given the opportunity to process his own 
errors  whenever possible. If the foreground parti- 
tion must be canceled due to error  conditions, the 
real-time user is given the opportunity to execute 
his own abort routine. The specific logic that 
DAMPS uses in response to various error  indica- 
tions is described in the following paragraphs. 

virtual independence. The RTJ and BGJ are initi- 
ated and terminated with virtual independence. 
However, the BGJ is sometimes sacrificed to pro- 
tect the integrity and responsiveness of the RTJ. 
The converse is never true--the foreground parti- 
tion is always honored as the primary service of 
DAMPS. 

With the following two exceptions, errors  oc- 
curring in the background partition should cause it 
to cancel without affecting the foreground partition: 

1. Machine checks will affect both partitions in 
all cases. 

2. Storage partition violations on systems with- 
out the Store and Fetch Protection special feature 
may affect both partitions. 

In the following circumstances, cancellation of 
the RTJ will result in subsequent termination of the 
BGJ: 

1. Terminations caused by RTT's or RTJ timer 
interrupt routines will cause subsequent termination 
of the BGJ. 

2. When an RTJ that has specified the DUMP op- 
tion is terminated by any abnormal condition where 
a dump is provided, the BGJ will subsequently be 
canceled . 

3. Whenever an RTJ abort routine returns con- 
trol to the supervisor, both partitions will be can- 
celed. 

In addition to the above system-initiated actions, 
it is possible for an uncontrolled RTT to bring down 
both partitions. In all cases where the system 
affects the cancellation of both partitions, a system 
dump is provided. 

The two partitions operate under DAMPS with 

5.1 MACHINE CHECK 

DAMPS does not attempt to recover from a machine 
check. Processing following such an error  is 
limited to execution of the normal Model 44 P/S 
machine check routine and, following that, termi- 
nation of all processing. However, the user is 
given the opportunity of executing his own abort 

routine after the machine check interrupt. The 
abort routine is given control in the supervisor 
state, with priority interrupts and channels masked. 
Further processing is completely at the discretion 
of the user. 
5.2 PROGRAM INTERRUPTIONS 

In the background partition, program interruptions 
are handled exactly as in the Model 44 P/S, except 
that the interruption code is extended to include 
support for the Store and Fetch Protection special 
feature. The processing of program interruptions 
in the foreground partition differs as described in 
the following paragraphs. 

When a program interruption occurs, the action 
taken depends on the type of error (as defined by the 
interruption code) and the machine state at the time 
of the interruption. A program interruption with a 
code from 1 through 5 always results in cancella- 
tion of the job. A program interruption with a code 
from 6 through 15 results in cancellation of the job 
if it occurs in the supervisor state or during an 
RTT or a timer interrupt routine. If an interrup- 
tion in the latter code class occurs during an FGT, 
the user is given the option of executing a routine. 
After taking the appropriate action, the user routine 
exits to the supervisor, and normal processing 
resumes. If a user routine is not provided, the 
job is canceled. 

In all cases of abnormal cancellation, the user's 
abort routine will be given control, if an abort rou- 
tine is specified. The user-provided abort routine 
is given control immediately before final cancella- 
tion, in supervisor state, with all channels and 
priority interrupts masked. The real-time status 
of the system is totally disabled; that is, all PIL's 
have been disabled, and the real-timeI/O queues 
are cleared. When the user does not provide an 
abort routine, cancellation continues. The user 
may attempt to continue cancellation after execu- 
tion of his abort routine by returning control to the 
supervisor. Whenever a real-time abort routine is 
executed, the BGJ is canceled if the supervisor has 
not been destroyed by the abort routine. 

It cannot be too highly emphasized that the abort 
routine is in complete control of a vulnerable sys- 
tem. No part of the system, including the super- 
visor, should be invoked at this time. Any proce- 
dures are completely at the discretion of the user. 
Any program check occurring in the abort routine 
will probably cause the system to attempt a second 
execution of the cancellation procedure; however, 
the abort routine will not be called the second time. 
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5.3 INPUT/OUTPUT ERRORS 5.4 SYSTEM DIAGNOSTICS 

In the background partition, input/output errors are 
handled exactly as in the Model 44 P/S, with one 
exception. The Model 44 P/S does not support the 
Store and Fetch Protection special feature. When 
an input/output partition violation is recognized in 
the background, the following modified Model 44 
P/S message is written by the DAMPS supervisor. 

FAOFI CUU IO PROT CHK 
The processing of input/output errors  in the 

foreground partition differs as described in the 
following paragraphs. 

The treatment of 1/0 errors  resulting from non- 
real-time operations in the foreground partition is 
essentially the same as that furnished by the Model 
44 P/S: operations resulting in data errors  are 
retried the number of times standard for that de- 
vice, nonoperational device/channel indications re- 
sult in job cancellation, and channel/interface 
control checks are handled by machine-check 
simulation . 
real-time devices are communicated to the user 
through the RCB. Although the DAMPS channel 
scheduler does not initiate cancellation for any type 
of 1/0 error ,  use of the FCHECK subroutine re- 
sults in cancellation when nonoper ational channel/ 
device or channel/interface control checks are 
indicated. Under any other circumstances, the 
user is responsible for initiating the appropriate 
procedure. 

and are printed by Job Control at the end of each 
job. Errors on real-time devices are categorized 
as permanent failures because the system does not 
attempt to recover from them automatically. 

Errors indicated as a result of 1/0 operations on 

1/0 error  statistics are accumulated by device 

The processing of diagnostic messages concerning 
the background partition has not been changed. The 
messages are the same, and they will appear on the 
same system unit. All foreground diagnostic 
messages will be printed on the console typewriter. 
Foreground diagnostic messages resulting from the 
standard Model 44 P/S have not been changed, ex- 
cept that they will appear on the console typewriter. 
They are described in detail in the literature out- 
lined in the bibliography. If the diagnostic message 
is a result of an error detected by the extended 
DAMPS supervisor, it will have the format: 

***CANCELED BY DAMPS SUPERVISOR*** 
***DAMPS ERROR CODE = I11 LEV NN*** 
***LAST USER PSW - XXXXXXXXXXXXXXXX 

The PSW in the last line of the message indi- 
cates the user's SVC that caused the error. The 
PSW is not printed for errors  detected by most of 
the DAMPS FORTRAN subroutines. The I11 field 
contains a hexadecimal code that identifies the spe- 
cific nature of the error. A complete listing of the 
error  codes is given in Appendix A. The NN field 
contains a representation of the priority level at 
which the e r ro r  occurred, for instance, '00' for 
priority interrupt level 0, and '16' for priority 
interrupt level 16. Priority interrupt level 32 indi- 
cates the foreground level, and priority interrupt 
level 33 indicates one of the timer routines. The 
contents of general register 0 have been changed by 
the DAMPS supervisor, as will be noted if the Dump 
option has been selected. 

The FORTRAN mathematical library subroutines 
have been adjusted to cancel via the DAMPS ex- 
tended supervisor. The DAMPS e r ro r  codes and 
the FORTRAN execution error  codes are equivalent. 
A list of these equivalences is given in Appendix A. 
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6. MINIMUM SYSTEM CONFIGURATION 

System/360 Model 2044G, one Multiplexor Channel 
(#5248 or  4598) , Priority Interrupt Feature (#5625) 
High Resolution Interval Timer (#4555) , one System 
Input Device (1442 Model N1, 2501 Model B1 o r  B2, 
2520 Model B1, 2540 Model 1, 2401 Model 1 through 
6), one Output Listing Device (1403 Model 2, 3, 7, 
N1, 1443 Model N1 o r  any of the above-listed tape 
units), one Output Punching Device (1442 Model N2, 
2520 Model B2 o r  B3, or any of the above-listed read 
punches, o r  any of the above-listed tape units), one 
Intermediate Storage Area (Second Single Disk 
Storage Drive (#6415), 2311 Disk Storage Drive, o r  
two of the above-listed tape units). 

6.1 NOTES ON CONFIGURATION 

1. Any configuration restrictions on the System/ 
360 Model 44 Programming System processors are 
also restrictions on their use under DAMPS, Ver- 
sion 2. 

2. External interrupt is not supported. If the 
1827 Comparator is wired for external interrupt, 
it must use the Priority Interrupt special feature. 

3. Sharing channels between real-time and non- 
real-time devices will degrade the performance of 
the real-time channel scheduler. 

4. Except for console typewriter output, devices 
cannot be shared by both real-time and background 
jobs. 

6.2 PROGRAMMING SYSTEM 

Version 2 is an extension of the System/360 Model 
44 Programming System. The extensions were 
programmed in the Assembler Language of the 
system. Application programs can be developed 
using the FORTRAN and Assembler Languages. 
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APPENDIX A: SPECIAL ERROR CODES 

Table 1. DAMPS Supervisor Special Error Codes 

Error Code 

021 

031 

041 

0 70 

077 

OAl 

OA2 

OA3 

OA4 

OA5 

OA6 

OA7 

OA8 

Meaning 

A RETURN SVC was issued from 
an FGT or  a timer routine. 

A DONE SVC was issued from 
an RTT o r  a timer routine. 

An RTX ITC SVC was issued by 
other than a timer routine. 

An illegal SVC was issued from 
an RTJOB (a real-time job 
loaded from the console). 

A special DAMPS SVC was is- 
sued from a non-real-time job, 
for example, before execution of 
an IDENTRTJ SVC. 

The address of the parameter 
list for an ATTACH SVC was not 
on a fullword boundary. 

The address of the parameter 
list for an ATTACH SVC was not 
in the problem storage area. 

The entry point of the RTT for 
an ATTACH SVC was not on a 
halfword boundary. 

The entry point of the RTT for an 
ATTACH SVC was not in the 
problem area, or there was an 
incorrect number of parameters 
in the parameter list. 

An invalid control byte was con- 
tained in an ATTACH SVC pa- 
rameter list. 

An ATTACH SVC save area was 
not on a fullword boundary. 

An ATTACH SVC save area was 
not in the problem storage area. 

An ATTACH SVC floating point 
save area was not on a double- 
word boundary . 

Error Code 

OA9 

O A A  

OAB 

oc1 

o c 2  

OC3 

OD1 

OD2 

OD3 

OD4 

OD5 

OEl 

OE2 

Meaning 

An ATTACH SVC floating point 
save area was not in the problem 
storage area. 

An ATTACH SVC priority inter- 
rupt level was invalid, that is ,  
outside the 0 - 31 range. 

An attempt was  made to attach 
an RTT to a priority interrupt 
level that was already attached. 

An invalid SVC code was issued. 

A System/360 Model 44 P/S SVC 
was issued from an RTT. 

A System/360 Model 44 P/S SVC 
was issued from a timer routine. 

The address of the parameter 
list for a DISPILS SVC was in- 
valid (not in user's area). 

The control code contained in 
byte 0 of a DISPILS SVC param- 
eter list was invalid, that is, 
neither '00' nor IFF'. 

The number of priority interrupt 
levels indicated by a DISPILS 
SVC was invalid, that is, outside 
the 1 - 32 range. 

An invalid priority interrupt 
level was indicated in a DISPILS 
SVC, that is, outside the 0 - 31 
range. 

An attempt was made to disable a 
priority interrupt level that was 
not attached. 

The address of the parameter 
list for an ENPILS SVC was 
invalid. 

The control code contained in 
byte 0 of an ENFILS SVC param- 
eter list was invalid, that is, 
neither '00' nor IFF'. 
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Table 1 (cont'd) 

Error Code 

OE3 

OE4 

OE5 

OF1 

0 F2 

OF3 

0 F4 

BOn 

B In  

B2n 

~~ 

Meaning 

The number of priority inter- 
rupt levels indicated by an 
ENPILS SVC was invalid, that 
is, outside the 1-32 range. 

An invalid priority interrupt 
level was indicated in an 
ENPILS SVC, that is ,  outside 
the 0 - 31 range. 

An attempt was made to enable 
a priority interrupt level that 
was not attached. 

The system was unable to find 
the JSB, probably because of 
system damage. 

A DAMPS SVC was issued from 
an uncontrolled RTT in the 
supervisor state. 

A CONVERT SVC was issued by 
a routine other than an uncon- 
trolled RTT. The CONVERT 
SVC can only be used in an 
uncontrolled RTT after execution 
of the ALLOW subroutine. 

A DAMPS SVC has been issued 
by an uncontrolled RTT before 
execution of the ALLOW sub- 
routine or while in supervisor 
state, 

An e r ro r  was detected in the 
parameter list of an FRCBSU 
call. * 
An e r ro r  was detected in the 
parameter list of an FDA0 Call. * 
An error  was detected in the 
parameter list of an FAISEO 
call, * 

Zrror Code 

B3n 

B4n 

B 5n 

B6n 

B6E 

B 7n 

B7E 

B 8n 

BA1 

BA2 

Meaning 

An error  was detected in the 
parameter list of an FAIRAN 
call. * 
An error  was detected in the 
parameter list of an FDIG call. * 
An error  was detected in a 
real-time tape call. * 

An error  was detected in the 
parameter list of an FRTIO 
call. * 
The RCB referenced in an FRTIO 
call indicates that the previous 
operation is not complete. Reg- 
ister 2 contains the address of 
the RCB. 

An error  was detected in the 
parameter list of an FCHECK 
call. * 
The RCB referenced in an 
FCHECK call indicates a non- 
opera ti onal channel/de vic e, 
command reject, or any condition 
identified by bits 42-47 of the 
CSW. Register 2 contains the 
address of the RCB. 

An error was detected in the 
parameter list of an FMSK or 
FUNMSK call. * 

The channel scheduler detected 
an invalid or unassigned 
SYSUNIT index. Register 1 con- 
tains the address of the RCB. 

The 1/0 interrupt stack area has 
overflowed. 

*If n is not 0, it indicates the position of the 
invalid parameter. If n is 0, the save area 
addressed by general register 13 is not in 
the problem program area, or the number 
of parameters is incorrect. 
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Table 2. Equivalence Between DAMPS and 
FORTRAN E r r o r  Codes 

DAMPS 
Error Code 

F01 
F02 
F03 
F04 
F05 
F06 
FO 7 
F08 
F09 
FOA 
FOB 
FO C 
FOD 
FOE 
FO F 
F10 
F11 
F12 
F13 
F14 
F15 
F16 
F17 
F18 
F19 
F1A 
F1B 
F1 C 
F1D 
F1 E 
F1 F 
F20 
F21 

Equivalent 
FORTRAN 
Error Code 

OA2 5 11 
OA252I 
OA253I 
OA254I 
OA255I 
OA252I 
OA261I 
OA262I 
OA263I 
OA264I 
OA265I 
OA2621 
OA251I 
OA251I 
OA252I 
OA254I 
OA251I 
OA253I 
OA255I 
OA273I 
OA252I 
OA254I 
OA274I 
OA275I 
OA261I 
OA261I 
OA262I 
OA264I 
OA281I 
OA282I 
OA261I 
OA263I 
OA265I 

In 
FORTRAN 
Subroutine 

SQRT 
EXP 
LOG 

ATAN 
I'ANH 
DSQRT 
DEXP 
DLOG 

DATAN 
DTANH 
CABS 
CSQRT 
CEXP 
CEXP 
CLOG 
CLOG 
CLOG 
CLOG 

3IN/cos 

DSIN/DCOS 

c s I N / c c o s  
csIN/c cos 
c s I N / c c o s  
cs IN/c  cos 
CDABS 
CDSQRT 
CDEXP 
CDEXP 
CDEXP 
CDEXP 
CDLOG 
CDLOG 
CDLOG 

DAMPS 
E r r o r  Code 

F22 
F23 
F24 
F25 
F26 
F27 
F28 
F29 
F2A 
F2B 
F2C 
F2D 
F2E 
F 2 F  
F3 0 
F3 1 
F3 2 
F33 
F34 
F3 5 
F3 6 
F3 7 
F3 8 
F3 9 
F3A 
F3 B 
F3 C 
F3D 
F3 E 
F3 F 
F40 
F41 
F42 
F43 
F44 
F45 
F46 
F47 

Equivalent 
FORTRAN 
h-ror Code 

OA283I 
OA262I 
OA264I 
OA284I 
OA285I 
OA252I 
OA256I 
OA251I 
OA257I 
OA258I 
OA259I 
OA251I 
OA266I 
OA251I 
OA267I 
OA268I 
OA269I 
OA251I 
OA252I 
OA253I 
OA290I 
OA291I 
OA262I 
OA262I 
OA263I 
OA300I 
OA3 0 11 
OA241I 
OA242I 
OA243I 
OA252I 
OA253I 
O A M I  
OA245I 
OA263I 
OA262I 
OA246I 
OA247I 

IN 
FORTRAN 
Subroutine 

ZDLOG 
ZDSIN/CDCOS 
ZDSIN/CDCOS 
ZDSIN/CDCOS 
CIDSIN/CDCOS 

ARSIN/ARCOS 
MSIN/ARCOS 
TAN/CO TAN 
TAN/C OTAN 
DSINH/DCOSH 
DSINH/DCOSH 
DARSIN/DARCOS 
DARSIN/DARCOS 
DTAN/DCOTAN 
DTAN/D COTAN 

GAMMA/ALGAMMA 
GAMMA/ALGAMMA 
GAMMA/A LGAMMA 
GAMMA/ALGAMMA 
DERF/DERFC/DEXP 
DGAMIVIA/DLGAMA 
DGAMMA/DLGAMA 
DGAMMA/DLGAMA 
DGAMMA/DLGAMA 

EXP 
EXP 

EXP 

FIXPI# 
FRXPI# 
FDXPI# 
FRXPR# 
FRXPR# 
F R X P H  
FDXPD# 
FDXPD# 
FDXPD# 
FXCPI# 
FCDXI# 

47 



Table 3. Description of Equivalent 
FORTRAN Error  Codes 

3rror Code 

OA241I 

OA242I 

0112431 

OA244I 

OA245I 

OA246I 

Explanation 

For an exponentiation operation 
(i**j) in the subprogram BOAFIXPI 
(FIXPI#) where i and j represent 
integer variables or integer con- 
stants, the value of j is less than 
o r  equal to zero. 

For an exponentiation operation 
(r**j) in the subprogram BOAFRXPI 
(FRXPI#), where r represents a 
real* 4 variable or integer con- 
stant, the value of r is zero, and 
the value of j is less than or equal 
to zero. 

For an exponentiation operation 
(d**j) in the subprogram BOAFDXPI 
(FDXPI#) , where d represents a 
real* 8 variable o r  real* 8 constant 
and j represents an integer variable 
or integer constant, the value of d 
is zero, and the value of j is less 
than or  equal to zero. 

For an exponentiation operation 
(r**s) in the subprogram 
BOAFRXPR (FRXPR#), where r and 
s represent real*4 variables or 
real*4 constants, the value of r is 
zero, and the value of s is less than 
or equal to zero. 

For an exponentiation operation 
(a*$) in the subprogram 
BOAFDXPD (FDXPIH) , where d 
and p represent real*8 variables o r  
real*8 constants, the value of d is 
zero, and the value of p is less 
than o r  equal to zero. 

For an exponentiation operation 
(z**j) in the subprogram 
BOAFCXPI (FXCPI#), where z 
represents a complex*8 variable or 
integer constant, the value of z is 
zero, and the value of j is less than 
or equal to zero. 

Error Code 

OA247I 

OA251I 

OA252I 

OA253I 

OA254I 

OA255I 

OA256I 

OA25 71 

OA258I 

Explanation 

For an exponentiation operation 
(z**j) in the subprogram 
BOAFCDXI (FCDXH), where z 
represents a complex"l6 variable 
31: complex*16 constant and j rep- 
resents an integer variable or  
integer constant, the value of j is 
less than or equal to zero. 

In the subprogram BOASSQRT 
(SQRT), the value of the argument 
is less than zero. 

In the subprogram BOASEXP (EXP), 
the value of the argument is greater 
than 174.673. 

In the subprogram BOASLOG 
(ALOG and ALOGlO), the value of 
the argument is less than or equal 
to zero. Because this subprogram 
is called by an exponential sub- 
program, this message also indi- 
cates that an attempt has been made 
to raise a negative base to a real 
power. 

In the subprogram BOASSCN (SIN 
and COS), the absolute value of an 
argument is greater than or equal 

(218fl = .-82354966406249996D+06) 
to 218,. 

In the subprogram BOASATN2, 
when entry name ATAN2 is used, 
the value of both arguments is 
zero. 

In the subprogram BOASSCNH 
(SINH or COSH), the value of the 
argument is greater than or equal 
to 174.673. 

In the subprogram BOASASCN 
(ARCSIN or ARCOS), the absolute 
value of the argument is greater 
than 1. 

In the subprogram BOASTNCT 
(TAN or  COTAN), the absolute 
value of the argument is greater 
than or equal to 218,. 
(2187r = .82354966406249996D+06) 

48 



Table 3. Description of Equivalent 
FORTRAN Error  Codes (Cont) 

:mor Code 

OA259I 

OA261I 

OA2621 

OA2631 

OA264I 

OA265I 

OA2661 

OA2671 

OA2681 

Emlanation 

h the subprogram BOASTNCT 
[TAN or  COTAN), the value of the 
argument is too close to one of the 
singularities (IT /2, 377 /2, . . . for 
the tangent; IT , 27~ , . . . for the 
Zotangent). 

fn the subprogram BOALSQRT 
(DSQRT), the value of the argu- 
ment is less than zero. 

In the subprogram BOALEXP 
(DEXP), the value of the argument 
is greater than 174.673. 

In the subprogram BOALLOG 
(DLOG and DLOGlO), the value of 
the argument is less than or  equal 
to zero. Because the subprogram 
is called by an exponential sub- 
program, this message also indi- 
cates that an attempt has been made 
to raise a negative base to a real 
power. 

In the subprogram BOALSON (DSIN 
and DCOS), the absolute value of the 
argument is greater than or equal 

(250, = .35371188737802239D+16) 
to 25%. 

In the subprogram BOALATN2, 
when entry name DATAN2 is used, 
the value of both arguments is zero. 

In the subprogram BOALSCNH 
(DSINH or DCOSH), the absolute 
value of the argument is greater 
than or equal to 174.673. 

In the subprogram BOALSCN 
(DARSIN or DARCOS) , the absolute 
value of the argument is greater 
than 1. 

In the subprogram BOALTNCT 
(DTAN or DCOTAN), the absolute 
value of the argument is greater 
than or equal to z5Ov. 

= .3537118873702239D+16) 

Error Code 

OA269I 

OA271I 

OA272I 

OA273I 

OA274I 

OA275I 

OA281I 

OA282I 

OA283I 

Explanation 

in the subprogram MCLTNCT 
:DTAN or DCOTAN), the value of 
;he argument is too close to one 
If the singularities (v /2, 3, /2, 
,. . for the tangent, IT, 2, , . . . 
Tor the cotangent). 

[n the subprogram BOACSEXP 
[CEXP), the value of the real par t  
)f the argument is greater than 
174.673. 

Cn the subprogram BOACSEXP 
(CEXP), the absolute value of the 
imaginary part of the argument is 
greater than or  equal to 21877. 
(218, = .8235496640629996D+06) 

Cn the subprogram BOACSLOG 
(CLOG), the value of both the real 
md imaginary par ts  of the argu- 
ment is zero. 

Cn the subprogram BOACSSCN 
(CSIN or CCOS), the absolute value 
Df the real part of the argument is 
greater than or equal to 2l8v. 
(2l8, = .82354966406249996D+06) 

In the subprogram BOACSSCN 
(CSIN or  CCOS) the absolute value 
of the imaginary par t  of the argu- 
ment is greater than 174.673. 

In the subprogram BOACLEXP 
(CDEXP), the value of the real par t  
of the argument is greater than 
174.673. 

In the subprogram BOACLEXP 
(CDEXP), the absolute value of the 
imaginary part of the argument is 
greater than o r  equal to 2%. 
p50, = .35371188737802239D+16) 

In the subprogram BOACLLOG 
(CDLOG) , the value of both the real 
and imaginary par ts  of the argu- 
ment is zero. 
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Table 3. Description of Equivalent 
FORTRAN Error  Codes (Cont) 

E r r o r  Code 

OA284I 

OA285I 

OA290I 

OA291I 

OA300I 

OA301I 

Explanation 

In the subprogram BOACLSCN 
(CDSIN or CDCOS) the absolute 
value of the real part of the argu- 
ment is greater than or equal to 

(z5On = .35371188737802239D+16) 
2%. 

In the subprogram BOACLSCN 
(CDSIN or CDCOS) the absolute 
value of the imaginary part of the 
argument is greater than 174.673. 

In the subprogram BOASGAMA 
(GAMMA), the value of the argument 
is outside the valid range. 
(Valid range = 2-252 < x ~57.5744)  

In the subprogram BOASGAMA 
(ALGAMA), the value of the argument 
is outside the valid range. 
(Valid range = 0 < x < 4 . 2 9 3 7 ~ l O ~ ~ )  

In the subprogram BOALGAMA 
(DGAMA), the value of the argument 
is outside the valid range. 
(Valid range = 2-252 < x < 57.5744) 

In the subprogram BOALGAMA 
(DLGAMA), the value of the argu- 
ment is outside the valid range. 
(Valid range = 0 < x < 4 . 2 9 3 7 ~ l O ~ ~ )  
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APPENDIX B: BOOTSTRAP WORDS 

The following table identifies the low-core bootstrap 
words that are associated with each PIL and the 
location of the special PSW for each PIL. The 
absolute address of the ALLOW subroutine is 1920 
(decimal). 

PIL 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31  

~~ ~~ 

Bootstrap Word 

1280 
1288 
1296 
1304 
1312 
1320 
1328 
1336 
1344 
1352 
1360 
1368 
1376 
13 84 
1392 
1400 
1408 
1416 
1424 
1432 
1440 
1448 
1456 
1464 
1472 
1480 
1488 
1496 
1504 
1512 
1520 
1528 

~~ ~ 

Special Old PSW 

2048 
2064 
2080 
2096 
2112 
21 28 
2144 
2160 
2176 
2192 
2208 
2224 
2240 
2256 
2272 
2288 
23 04 
23 20 
2336 
2352 
2368 
23 84 
2400 
2416 
2432 
2448 
2464 
2480 
2496 
2512 
2528 
2544 
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APPENDIX C: DAMPS SVC TABLE 

Name of 
SVC Routine 

All Model 44 Ps SVC's 
RTXITC 
ATTACH 
ENPILS 
DISPILS 
RETURN 
CONVERT 
QUEUE 
UNQUEUE 
DONE 
READ DIRECT 
WRITE DIRECT 
INHIBIT BGJ 
REAL TlME I/O 
MASK 1/0 CHANNELS 
UNMASK I/O CHANNELE 
EORTJ 
RTCANCEL 
SABRTN 
IDENTRTJ 
MQUEUE 
MDEQUE 
RELEASE BGJ 

svc 
Code 

0-24 
25 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

- 

- 

Can be Issued From - 
BG 
- 
X 

X 

- 

- 

FGT 

X 

X 
X 
X 

X 
X 

X 
X 
X 
X 

X 
X 
X 

X 
X 
X - 

End 
FGT 

X 

X 
X 

- 

RTT 

X 
X 
X 

X 
X 

X 
X 

X 
X 
X 

X 
X 

X 
X 

- 

End 
RTT 

X 

X 

- 

Uncontrolled 
RTT 

X 

Timer 
Routine 

X 
X 
X 

X 
X 

X 
X 

End Timer 
Routine 

X 
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APPENDIX D DAMPS VERSION 2 STORAGE 
ALLOCATION 

1FFFF 131,068 

140FO 82,160 

140AO 82,080 

14000 81,920 

BO FO 45,296 

BOA0 45,216 

BOO0 45,056 

Addresses 

Background 
Partition 

48,908 Bytes 

Bkg. Save Area 
Bkg. User Comm. Region 

Real-Time 
Partition 

36,623 Bytes 

Real-Time Save Area 
RT User Comm. Region 

, 

Hexadecimal Decimal Symbolic Name 

DBBHCORE 

BKGPP ORG 

BKSAVE 

D2BLC ORE 

RTJPPORG 

RTSAVE 

D2RLC ORE 
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APPENDIX E: FORTRAN DATA SET SYMBOLIC 
UNIT TABLE 

Data Set 
Reference Numbers 

% 8 
9 

10 
11 
12 
13 
14 
15  

1 7  
18 
19 
20 
21 
22 
23 
24 

--__I 

+(% I 16 

Symbolic Unit 
Names D E C  

17 SYSOOl 
( € 3  SYSOO2 
I ?  SYSOO3 

Z Q  SYSOM 
6 SYSIPT 
8 SYSOPT 
9 SYSPCH 

I6 SYSOOO 
a- I SYSOO5 
*Z.Z SYSOO6 
x 3 SYSOO7 
2-4 SYSOO8 
45 SYSOOS 
26 SYSOlO 
2-7 SYSOll 

29 SYSO13 
43fi SYSO14 
31 SYSO15 

SYSO16 J 2.. 

9 3  SYSOl7 
3 4  SYSO18 
*$=G SYS019 
24 SYSO20 

4- svsk-rn9 
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APPENDIX F: SAMPLE PROGRAMS 

d . 
0 z 
S 
4 
(L 
c3 
0 
X 
0 

w 
A 
0 
L 
4 
v) 

c 
Z 
w 
I 
w c a c 
VY 

w u x 
3 
0 
v) 

c x 
c 
v) 

r 
0 
n 
a 

w 
0 
0 
W 
-3 co 
0 

e 
A 

v) a 
i 

A W  0 - o w u  
cacv)n 

m 
0 
7 

N ~ O ~ N N ~ ~ I C ~ ~ F O U ~ ~ U . ~ P  (o 
O ~ N N C U ~ + J N N ~ d d - I O O O N O O  0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  4 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 

0 
V 
Ln 
0 

0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

N 4  
0 0  
0 0  
0 0  
0 0  
0 0  
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0 
w 
c 

(I: 
Lf. 
a 

U 
(3 

v) 
v) 
w 
II 
0 
Lu 
(I: 

x 
Lu 

*U 

a 

l-4 
a 

E 
c 
c z 
(I: 

+ 

- 
a 

m 
J 
7 

-1 
w 
U z 
a u 

W z 
c 
3 
3 
(I: 

w 
0 

w 
(I: 

e 
v) 
3 
7 

0 
(I: 

U 

c z 
E 

+ 

a 

a 

- 
a 

4 

a z 
a 

e z 
13 
0 u 
w z 
A 

c 
w 
v) 
Lu 
0: 

+ 

CI 

c u 
wUN 

E 2  

I 
d 

v) 
-1 
e( 

a 
w 
-1 

z 
w 

m 
a 

(L 
w 
c z 
(I: 
a 
e u 
w 
7 
w 
0 

- UI 
I 
e 
3 

d 

c w 
U 

U 
0 

0 z 
w 

v) 
+ w  

5 
c 
13 
0 
(L 
a3 
3 
m 

.4 
c 
c 
(I: 

* 
e 
c 
(I: 

> U 

u 
Lu 
a 
v) 

c-( 

Q 
a 
w 
s? 

L u 
a 

I u 
a 

e 
O 

e a  
Luw 
v)d  

c w  
v ) >  

C I  
u a  

c 
c 
a 

c 
e 
4 

* + +  * + * * +  * *  

- 
z 
c u 

w 

e z 
Y z 
w 
c 
c 
in 

w u 
K 
3 
0 
v) 

a 

e r 
c 
v) 

LT 
0 
$3 
a 

w 
D 
0 u 
7 

J 
m 

I 
c 
? 
-1 

VI 
0 
-1 
U 

a - 
L d  L L 

4 0  U 0 9 OLU 4 0 09 Q A 9 N W Q Q U a W Q O b d U 4  
4 0  o w Q Q N  a u 9.t  u o m o a m a ~ a ~ @ o a o a m  
00 o o e o  m o 40 o ~ o ~ o o m ~ m ~ o ~ o ~ m o  
00 0 0 3 00 0 0 00 0000000000000000 
0 0  0 0 0 0 0  0 0 00 0000000000000000 

o a c o u  w o  
m a o a  coo 
m o 4 0  0 0  
0000 00 
0000 00 

m a d a a  
o a o a ~  e o o m o  
0 0 0 0 0  
0 0 0 0 0  

* 

0 z 
I 
X 
0 
3 
X 

a 

a 
w 
-1 
0 
I 
v) 
a 

m a  a a 
a u  o w 
0 0  0 0 
u u  u u 

Q w v  N w ul\t u * o u  Q ~ Q U * U J ~ ~ Q N  
Q r n ~  a w in* u m o m  a ~ a ~ 0 1 u a o a m  e 4 0  m o 4 0  ooc lo  m ~ m ~ o o o o m o  
u u u  u u u u  u u u u  uuvuuuuouu 

w v 9 m  0 
0 

m o * o  0 
uuuv 0 

a a o a  
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0002 
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0014 
0015 
00 16 
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0018 
0019 
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C 
C 
C 

C 
C 
C 
C 

0023 

0024 
0025 

C 
' C  

C 
0026 
0027 
0028 
0029 
0030 

SAMPLE PKOGKAM NO. 4 

RE-ENTKANCY TEST PROBLEM. 

T H I S  EXAMPLE OF KEENTRANCY TEST IS CONSISTED OF TWO REAL 
T I M E  TASKS(RTT 'S)  AND TWO FOREGROUND T A S K S ( F G T ' S 1  ONE I S  THE 
M A I N  PKOGRAM AND THE OTHER THE TERMINATING PROGRAM. 
BOTH REAL T I M E  TASKS COMPUTE T H t  SAME MATHEMATICAL 
FUNCTIONS BUT THE P I L ' S  ARE SET UP I N  DIFFERENT 
T I M E  INTERVALS SO THAT AN INTERRUPT WILL OCCUR 
WHILE COMPUTING A MATHEMATICAL FUNCTION AND T H I S  
FUNCTION W I L L  BE IMMEDIATELY C A L L k D  BY THE OTHER ROUTINE. 
I N  ORDER TO ASCERTAIN THAT AN INTERRUPT 
KEALLY OCCUKED WE COMPUTE ONE OF THE ROUTINES 
THE I N I T I A L  ONE TO TEST FOR DISCREPANCY. I F  AN 
6000 TIMES. I N  THE B E G I N N I N G  THE FUNCTIONS ARE 
COMPUTED ONCk. THEN EACH T I M E  THE FUNCTIONS 
AKE RECOMPUTEU THE RESULTS ARE COMPARED AGAINST 
ERROR OCCURED THE PROGRAM BRANCHES OUT TO 
TERMINATING ROUTINE. 

O IMENSION T ( 6 ) r  X 1 6 ) s  Y ( 6 )  
D IMENSION A 1 6 1 9  B ( 6 ) r  C ( 6 )  
D IMENSION F ( 1 O O ) r  G ( 1 0 0 )  
D IMENSION E ( 1 0 0 )  e H ( 1 0 0 )  
O IMENSION I T R C B ( 8 1  
D IMENSION TPCC W ( 2  1 
DOUBLE P R E C I S I O N  TPCCW 
COMPLEX T C l r  T C 2 r  C L l r  C L 2 s  C l r  C 2  
COMMON T, X t  Y 
COMMON A. 51 C 
COMMON F t  G 
COMMON E t  H 
COMMON ITRCBI  TPCCW 
COMMON T C l t  T C 2 r  C L l t  C L 2 r  C l r  C 2  

EXTERNAL P R G l r  PRGZ 
COMMON I E O J  

DOUBLE P R E C I S I O N  S A V E l D  
D lMENS I O N  S A V E l D  ( 4 )  
DOUBLE P R E C I S I O N  S A V E l ( 3 1 )  
DOUBLE P R E C I S I O N  SAVE20 
D IMENSION SAVEZD(4 )  
DOUBLE P R E C I S I O N  S A V E Z I 3 1 1  

T E L L S  THE SUPERVISOR THAT T H I S  IS A R E A L  T I M E  JOB 

C A L L  F I D R T J  

B U I L D  RCB AND CHANNEL PROGRAM FOR TAPE WRIT ING 

CALF FRCBSU(1TRCB. 28s TPCCW) 
C A L L  FTWRIT(TPCCWr XI 2 4 1  

ATTACH P R I O R I T Y  INTERRUPTS TO THE RTT 

C A L L  FATACH ( P R G l r  SAVE19 l r  SAVELD)  
110 C A L L  FATACH (PRGZ. SAVEZr  16. SAVEZD) 

C A L L  F E N P I L 1 2 5 5 .  1 s  16) 
CALL  FDONE 
END 
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0 0 0 8  
0009 
00 10 
0011 
0012 
0013 
0014 
0 0 1 5  
00 16 
0017 
00 18 
00 19 
0020 
0021 
0022 
0023 
0024 

0 0 2 5  
0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 
0 0 3 5  
0036 
0037 

0038 
0039 
0040 
0041 
0042 
0043 
0044 
0045 
0046 
0047 
0048 
0049 
0050 
0051 
0052 

C 
C 
C 

390 

C 
C 
C 
C 

399 

C 
C 
C 
C 
C 
C 

400 

40 1 

100 

404 

405 

P K I M A K Y  PROGKAM PKGL 

SUBROUTINE P R G l  
D I M € N S I O N  T ( 6 )  1 x 1 6 )  v Y ( 6 )  
D I M E N S I O N  A ( b ) r  B ( 6 ) r  C ( 6 )  
D I M E N S I O N  F ( 1 O O ) r  ( ; (LOO)  
D I M E N S I O N  €1100) .  H ( 1 0 0 )  
D I M E N S I O N  I T R C E ( 8 )  
D I M E N S I O N  T P C C k ( 2 )  
OOUBLE P K E C I S I O N  TPCCW 
COMPLEX T C l r  T C 2 1  C L l .  CL2r Clr C 2  
COMMON T. X r  Y 
COMMON A t  E, C 
COMMON F I  ti 
COMMON E. H 
COMMON I T R C E t  TPCCW 
COMMUN T C l r  T C 2 r  C L l t  C L 2 r  Clt L2 
COMMON I E O J  
EXTERNAL TERM 
C 1  = (2.093.0) 
Y ( 1 )  = 26.0 
Y ( 2 )  = .020 
Y ( 3 )  = . 0 2 5  
Y ( 4 )  = 100.0 
Y ( 3 )  = .010 
C A L L  FUNMSK ( I TRCH 1 

CClMPUTE R O U T I N t S  ONCE AND S t T  SWITCH TO P R E V t N T  FROM B E I N G  
RECOMPUTED A G A I N  

I F ( M . E Q . 1 3 5 7 9 1  GO TO 399 
M = 1 3 5 7 9  
I E O J  = 0 
T C L  = C L O G ( C 1 )  
T ( 1 )  = S Q R T ( Y ( 1 )  
T ( 2 )  = E X P ( Y L 2 ) )  
T ( 3 i  = A L O G ( Y ( 3 )  
T ( 4 )  = A L O G l O ( Y (  
T ( 5 )  = S l N ( Y ( 5 ) )  
T ( 6 )  = C O S ( Y ( 5 ) )  
I F ( K . E P . 9 8 7 6 5 1  GO TO 400 
K = 98765 
N = O  

T H I S  R O U T I N E  MUST LOOP AND COMPUTE T H E  R O U T I N E S  2000 T I M E S  
t A C H  T I M E  THE R E S U L T S  ARE COMPARED A G A I N S T  T H E  O R l G I N A L  
COMPUTATIONS AND I F  A D I S C R t P A N C Y  IS DETECTED THE RUN 
IS I M M E D I A T E L Y  T E R M I N A T H I .  

X ( 1 )  = S Q R T ( Y ( 1 1 )  
I F ( X ( 1 )  - T ( 1 ) J  405. 4011 4 0 5  
N = N + 1  
C A L L  F C H E C K ( I T R C B *  I R E T )  
IF(IRET.E&I.~I GO TO 100 
I F ( I R E T . N E . 0 )  GO TO 404 
C A L L  F R T I O ( 1 T R C B )  
IF(N.EQ.6000)  GO TO 404 
C A L L  F R E T R N  
C A L L  F D S P I L ( O *  1. 1 6 1  
I E O J  = 1 
C A L L  M Q U E U E ( 0 r  TERM, i R 1 .  Or 0) 
C A L L  F R E T R N  
C A L L  FCANCL 
END 
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0 0 2 5  
0 0 2 6  
0027 
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0029 
0030 
0 0 3 1  
0032 
0033 
0 0 3 4  

000 1 

0002 
0003 
0004 

C 
C 
C 
C 
C 
C 
C 
C 

T H I S  I S  THE SECOND R T T  PROGRAM WHEN THE F I R S T  GETS 
I N T E K R U P T E D  T H I S  T A K E S  OVER BOTH USE THE SAME 
R O U T I N E S  TO TEST THEM FOR REENTRANCY 

SECONDARY PROGRAM PRGZ 

SUBROUTINE PRGZ 
D I M E N S I O N  T ( 6 ) t  X 1 6 ) r  Y ( 6 )  
D I M E N S I O N  A ( 6 ) t  B ( 6 ) r  C ( 6 )  
D I M E N S I O N  F (100)  * G ( 1 0 0 1  
D I M E N S i O N  E ( 1 0 0 ) t  H ( l O O 1  
D I MENS I O N  I TKCB ( 8 1 
D I M E N S I O N  TPCCW (2) 
DOUBLE P R E C I S I O N  TPCCW 
COMPLEX TCL. TC2. C L 1 t  CL%.  C l t  C 2  
COMMON T t  X r  Y 
COMMON A t  61 C 

COMMON E. ti 
COMMON I T R C B I  TPCCW 
COMMON T C l .  TC2. C L l r  C L 2 1  C l r  C2 

C 2  = (.60,.80) 

COMMON F ,  G 

COMMON I E O J  

A t 1 1  = 30.0 
A ( 2 J  = .030 
A ( 3 )  = .027 

A ( 5 )  = . 0 1 5  
i F ( L . E Q . 0 2 4 0 8 )  GO TO 409 
L = 0 2 4 5 8  
TCZ = C L O G ( C 2 )  
B ( 1 )  = S Q R T ( A ( 1 ) )  
B ( 2 J  = E X P ( A ( 2 ) )  
B ( 3 )  = A L O G ( A ( 3 1 )  
B ( 4 )  = A L O G l O ( A ( 4 ) )  
6 1 5 )  = S I N ( A ( 5 ) )  
B ( 6 )  = C O S ( A ( 5 1 )  

C A L L  FRETRN 
END 

A ( 4 )  = 115.0 

409 C ( 1 )  = S B R T ( A ( 1 ) )  

SUBROUTINE TERM 

TERMINATE R E A L  T I M E  JOB 

C A L L  F E O R T J  
C A L L  FDONE 
END 
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c 
C SAMPLE 5 

0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 

0010 
0011 
0012 
0013 
00 14 
0015 

0016 
0017 
00 18 
0019 
0020 

0021 
0022 
0023 
0024 
0025 

0026 
0027 
0028 

0029 
0030 
0031 

0032 
0033 

0034 
0 0 3 5  

0036 
0037 

0038 

0039 
0040 
0041 
0042 

C 

C 
C 

T H I S  PROGKAM WILL READ A TAPE AND WRITE I T  TO T H E  1827. T H I S  
T A P E  WAS PREPARED BY A P R E V I O U S  PROGRAM ( L O G I N )  AND IS A D I G I T A L  
ENCODING O F  ANALOG S I G N A L S  F E D  TO THE 1827. 

H E A L  *8 S A V E l D t 4 ) * S A V E l t 3 1 )  
INTEGER *4 R C B A l ( 8 )  r R C B A 2 ( 8 )  . R C B T l I B )  r R C B T 2 1 8 )  r R C B T 3 l 8 )  
INTEGER *4 CCWA1(2lrCCWA2(2lrCCWTl(4IrCCWT2(4)~CCMT3(41 
INTEGER *2 A R R A Y l 1 2 0 0 1 ~ r A R R A Y 2 ( 2 0 0 1 ~  
INTEGER * Z  S ~ I T C H I E R R C N T ~ T A P E  
COMMON/COMM/ R C B A l  rRCBAZ t R C B T l  r R C B T 2  r R C B T 3  
COMMON /COMM/CCWAl.CCWA2rCCWTl*CCWT2rCCWT3 
COMMON /COMM/ARKAYlrARRAYZrSWITCHrERRCNTrTAPE 
EXTERNAL P R G l  

ERR CN r= 0 
T A P E = l  
SWITCH = 1 
A R R A Y 1 ( 1 ) = 6  
ARRAY 2 f 1) =6 
C A L L  F I D R T J  

B U I L D  THE RCBS 
C 

C A L L  FRCBSU(RCBAl .30 .CCWAl)  
C A L L  F R C B S U ( R C B A 2 r 3 0 r C C W A 2 )  
C A L L  F R C B S U ( R C B T l r 2 8 . C C W T l )  
C A L L  F R C B S U I  RCB T 2  r 2 8 ,  CCWT2) 
C A L L  F R C B S U 1 R C B T 3 r 2 8 r C C W T 3 )  

C 
C B U I L D  THE CCWS 
C 

C A L L  FDAOtCCWAl~ARRAYlr2OOO~lZ) 
C A L L  FDAO(CCWA2rARRAY2,20OOrl2) 
C A L L  F T R E A D l  C C W T l  TAR RAY^ 1.2) ~ 4 0 0 0 )  
C A L L  F T R E A D ( C C W T 2 . A R R A Y 2 ( 2 ) r 4 0 0 0 )  
C A L L  FTREW (CC WT3) 

C 
C REWIND THE TAPE 
C 

100 C A L L  F R T I O l R C B T 3 )  
C A L L  F C H E C K ( R C B T 3 r  I K E T T 3  9 1) 
I F  I IRETT3.NE.O ) C A L L  FCANCL 

C 
C 
C ISSUE A READ TO R € A D  THE DUMMY RECORD PLACED ON THE T A P E  BY 
C THE L O G I N  PROGRAM. T H I S  DUWMY KECGRO WAS PLACED THERE TO MOVE 
C T H E  TAPE FROM THE LOAD POINT. 
C 

C A L L  F R T I O ( R C 8 T l  I 
C A L L  F C H E C K ( R C B T 1 r  I R E T T l  r 1) 
I F  ( IRETTl.EO.0 ) GO TO 1000 

C 
ERRCNT=ERRCNT+l 
GO TO 100 

C 
C READ T H E  F I R S T  TWO TAPE RECORDS 
C 

1000 C A L L  F R T I O ( R C B T 1 )  
C A L L  F R T I O ( R C B T 2 )  

C 
C A L L  F C H E C K ( R C B T 1 r  I R E T T l  * 1) 
I F  ( IRETTl.EQ.0 I GO TO 2000 

C 
C INCREMENT THE T A P E  ERROR COUNTER AND CONTINUE 
C 

ERRCNT=ERRCNT+l 
C 
C ATTACH THE R T T  
C 

2000 C A L L  FATACH(PRGlrSAVElr7.SAVElO) 
C A L L  F E N P I L ( 2 5 5 r 7 )  
C A L L  FDONE 
E N 0  
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0001 
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0009 

0010 

0011 

0012 
0013 
00 14 

0015 
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0020 
0021 

0022 
0023 
0024 
0025 

0026 
0027 
0028 

SUBRUUTINE P K G l  
I N T E G E K  * 4  K C B A l ( B ) r K C B A 2 ( 8 ) r R L B T 1 ( 8 J v R C B T Z ( 8 ) 1 ~ C B T 3 ( 8 )  
I N T k b E R  * 4  C C W A l ( Z ) r C C W A Z ( 2 ) v C C k i 1 0 1 C C W T 2 ( 4 ) v C C W T 3 ( 4 )  
I N T E G E R  * 2  A R R A Y l 4 2 0 0 1 )  r A R R A Y Z ( Z O O l 1  
I N T E G E R  * 2  SGITCHvERRCNT 1 T A P t  
I N T E G E R  * 2  SYSUNL1SYSUN2 
COMMON/COMM/ RCBAlrRCBA2rRCBTlrRCBT21RC8T3 
COMMON /COMM/CCWAL1CCWAZ t C C W T l  tCCWT2 rCCWT3 
COMMON 

GU TO ( 5 0 0 ~ 1 0 0 0 ~ 2 0 0 0 ~ 3 0 0 0 ~ 4 0 0 0 ~  r S W I T C H  

/COMM/ARKAYl  v ARRAY2 1 SWI TCHI E R R C N T - T A P E  
C 

C 

c 
500 C A L L  F K T I O ( R C B A 1 )  

S h I T C H  = 2 
S Y S U N 1 = 8 7 0 4  
S Y S U N Z = B 9 6 0  

C 
C CHECK FOK THE C O M P L E T I O N  OF THE TAPE READ I N T O  SECOND BUFFER 
C 

1000 C A L L  F C H E C K ( K C B T 2 r  I R E T T Z )  
I F  ( IRETT2.Eb.O)  GO TO 1100 

I F  (IKETT2.EO.4) C A L L  F R E T R N  
I F  ( I R t T T Z . E Q * l )  GO TO 4000 

C 
C INCREMENT THE T A P E  ERROR COUNTER AND C O N T I N U E  
C 

C 
C WHEN BUFFER 2 IS FULL WRITE I T  TO THE 1 8 2 7  

ERRCNT=ERRCNT+ 1 

C 
1100 C A L L  F K T I O ( R C B A 2 )  

S W I T C H  = 3 
C 
C W A I T  FOR THE F I R S T  BUFFER TO BE W R I T T E N  TO T H E  1 8 2 7  
C 

2000 C A L L  F C H E C K ( K C B A l r I K E T A l 1  
I F  ( IRETA1.EO.O) GO TO 2 1 0 0  
IF ( I R E T A l . E Q . 4  ) C A L L  F R E T R N  
C A L L  F C A N C L  

C 
C R E F I L L  BUFFEK ONE FROM TAPE 
C 

2100 C A L L  F R T I O ( R C B T 1 )  
S W f T C H  = 4 
C A L L  FRETRN 

C 
C W A I T  FOR T H E  BUFFER TO B E  F I L L E D  
C 
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0029 
0030 
0031 
0032 

0033 

0034 
0 0 3 5  

3000 C A L L  F C H E C K I R C B T l r l K E T T l )  
I F  I I R E T T l . E L t . 0 )  GO TO 3100 
I F  ( I R E T T l . E Q . 1 1  GO TO 6000 
I F  (IRETTL.EQ.41 C A L L  F R E T K N  

C 
C I N C K E H E N T  THE TAPE ERKOK COUNTER A N 0  C O N T I N U E  
C 

C 
C WHEN T H E  BUFFER I S  F I L L k O  & R I T E  I T  TO THE 1827 
C 

ERRCNT=ERRCNT+ 1 

3100 C A L L  F R T I O ( R C B A 1 )  
S W I T C H  = 5 

c 
C W A I T  FOR THE SECOND BUFFEK T U  BE E M P T I k D  BY T H E  1 8 2 7  

0036 
0037 

0039 
0038 

0040 
0041 
0042 

0043 

0044 
0045 

0046 

0047 

0048 

0049 
0050 
0051 
0052 

0053 
0054 
0055 

0056 

0057 

4000 C A L L  F C H E C K ( R C B A 2 ~ I R E T A Z I  
I F  ( IRkTA2.EQ.O) GO TO 4100 
I F  ( IRETA2.EU.4)  C A L L  F R E T R N  
C A L L  FCANCL 

c 
C FILL THE BUFFER FROM THE T A P E  
c 

4100 

C 
C 
C AN 

C A L L  F R T I O ( K C B T 2 1  
S W I T C H  = 2 
C A L L  F R E T R N  

END OF T A P E  H A S  BEEN DETECTEIJ. REWIND THE T A P E  A N 0  S M I T C H  TAPE 
C D R I V E S .  
c 

C 
6000 GO TO (6010.6020) ,TAPE 

6010 R C B T 3 (  l ) = S Y S U N l  
GO TO 6050 

6020 R C B T 3  ( 1 ) =SYSUN2 

6050 C A L L  F R T I O ( R C B T 3 )  

c 

C 

C 
C CHANGE THE SYSTEM U N I T  I N D E X  I N  THE RCB 
C 

C 
6200 

c 
6300 

C 

GO TO ( 6 2 0 0 * 6 3 0 0 ) . T A P €  

R C B T 1 (  1 ) = S Y S U N 2  
R C B T Z ( l I = S Y S U N 2  
TAPE=2 
GO TO 6400 

R C B T l l  l l = S Y S U N l  
R C B T Z (  l ) = S Y S U N l  
T A P E = l  

C RETUKN TO W R I T I N G  
c 

C 
6400 GO TO ~6400~1100~64001310016400)  ,SWITCH 

END 
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0001 
0 0 0 2  
0003 
0004 
0005 

0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 

0015 
0016 
0017 
0 0 1 8  
0019 
0020 

0021 
0 0 2 2  

0023 
0 0 2 4  
0 0 2 5  
0 0 2 6  
0027 

0028 
0 0 2 9  

0001 
0002 
0003 
0004 
0005 

000 1 
0002 
0003 
0004 
0005 

C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

C 

C 
C 

2 

1 
C 
C 
C 
C 
C 
C 

SAMPLE PROGRAM NU. 6 

T H I S  PROGRAN WiLL TEST THE F I R S T  F I V E  L t V E L S  OF THE PRIORITY 
INTEKRUPT S P t C I A L  FEATURE . 
NUMBER WILL BE PRINTED. 

SET ASIDE FLOATING POINT REGISTER SAVE AREAS 
DOUBLE PKECISLON FPSVO(4)  
DOUBLE PKECIS ION F P S V l ( 4 )  
DOUBLE PREC I SI ON FP SV2 ( 4 ) 
DOUBLE PRECIS ION F P S V 3 ( 4 )  
DOUBLE PRECIS ION F P S V 4 ( 4 1  
SET A S I O t  SAVE AREA OF 61 WORDS FOR EACH RTT 

EACH TIME A P R I O K I T Y  INTEKRUPT OCCURS 1 THE ASSOCIATED LEVEL 

DOUBLE PRECIS ION SAVE0 3 1 1  
DOUBLE PRECIS ION SAVE1 31 )  
DOUBLE PRECIS ION SAVE2 311 
DOUBLE PRECIS iON SAVE3 31 )  
OOUBLt PRECIS ION SAVE4(31  ) 

COMMON I 
EXTERNAL R T T O I R T T L ~ R T T ~ ~ R T T ~ . R T T ~  
I=-1  
CALL F I D R T J  
ATTACH RTT 'S  TO APPROPRIATE LEVEL 
CALL  FATACH(RTTO.SAVEO1OtFPSVO) 
CALL FATACH(RTTlrSAVEL~lrFPSVl1 
CALL FATACH(RTTZ.SAVE2.2rFPSVZ) 
CALL F A T A C H ( R T T 3 v S A V E 3 r 3 . F P S V 3 )  
CALL F A T A C H ( R T T ~ V S A V E ~ ~ ~ * F P S V ~ )  
CALL FENP I L (0 901 1 r 2  3 14) 

DOlK=lr7000 
DO 1 J= l  t 3000 

BEGIN A ONE HOUR LOOP 

IF A P I ( P R I 0 R I T Y  INTERUPTIOCCURS AT LEVEL N I IS SET EQUAL TO N 
AND THEN PRINTED AND THEN SET BACK TO -1 
I F I I - E Q . - l I G O  TO 1 
WRITE i 61 21 I 
FORMAT( 'OPRI0KITY INTERRUPT DETECTED AT L E V E L ' I 3 )  
I=-1 
A=SQRT(FLOAT(K+J))  

VARIABLE '19 CHANGED FROM -1 ONLY IF A PRIORITY INTERUPT HAS 
BEEN ACCEPTED. P R I O R I T Y  INTERRUPTS ARE CAUSEDIMOST SIMPLY BY 

CONNECTORS ON CPU TAILGATE. ' T I M I N G  OUT' CONTACT MUST BE 
CLOSING THE CONTACT BETHEEN TWO CORRESPONDING SERPENT 

CONNECTED I N T O  ' T I M I N G  IN'. SEE FORM A22-6900.  
C A L L  FEORTJ 
END 

SUBROUTINE RTTO 
COMMON I 
I = O  
CALL  FRETRN 
END 

SUBROUTINE R T F l  
COMMON I 
1=1 
CALL  FRETRN 
END 
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0001 
0002 
0003 
0004 
0005 

0001 
0002 
0003 
0 0 0 4  
0 0 0 5  

0001 
0002 
0003 
0004 
0005 

C 
C 
C 
C 
C 

000 1 
0002 
0003 
0004 
0005 

0006 
0007 
0008 1 
0009 

C 
0010 
0011 

0012 

0013 
00 14 
0015 4 

C 

C 

C 

C 
0016 
0017 
0018 3 
0019 
0020 
0021 

C 
C 

0022 

0023 
C 

SUBROUTINE RTTZ 
COMMON I 
I =2 
CALL FKETRN 
END 

SUBROUTINE RTT3 
COMMON I 
I = 3  
CALL FRETRN 
END 

SUBROUTINE RTT4  
COMMON I 
I =4 
CALL FRETRN 
END 

SAMPLE PROGRAM NO. 7 

T H I S  PROGRAfl READS 1000 TIMES AT 1851 RELAY MULTIPLEXOR 
ADDRESS POINT 6 AND AT SOLID STATE MULTIPLEXOR ADDRESS 
POINT 9 ( 4 1 0 5 - 4 0 9 6 1  
CMIUBLE PRECIS ION CCWLeCCW2.CCW3iCCH4 
OI f lENSION AIRCB( 16) t I N A  10001 * I N P T ( l 0 0 0 1  
INTEGER*2 1NA l . INPT 
DIMENSION H S I N P T t 1 0 0 0 1  *HSRCB(16)  
INTEGER*2 HSINPT 
DEFINE INPUT ADDRESSES 

H S I N P T t  I )=4105 
I N P T (  I )=6  

DO 1 I=1.1000 

~. 

CALL F I D R T J  
SET UP R t B  FOR RANDOM ANALOG INPUT 
CALL FRCBSU(AIRCBe28rCCWlr4.29 .CCWL) 
CALL FRCB SU (H SRC Br 2 8  r CCY3 e 4 * 29 CCW4 1 
S I G N I F Y  14 B I T  PRECIS ION 
IOP T=O 1 
CONSTRUCT ACTUAL CHANNEL PROGRAMS 
CALL FA1RAN~CCW3~INAlrl00OrIOPT~CCW4~HSlNPT1 
CALL 

EXEC REAL T IME 1 / 0  .PRINT RESULTS. PAUSE 

WRITE( 6r 3 1 I N A l  

FA IRAN (CC W 1 . I N A l  9 1000 r I OP TI CC W2 INPT 1 
CONTINUE 

CALL F R T I O ( A I R C B 1  

F O R b l A T ( ~ 0 ' 1 5 I 7 )  
CALL FRTIO(HSRCB) 

PAUSE 10 
PAUSE PERMITS ADJUSTMENT OF THE INPUTS TO THE MULTIPLEXORS 

GO TO 4 
H I T  €OB ON CONSOLE TO TERMINATE PAUSE 
END 

WRITE( 6.3 1 I N A  1 

SUITABLE INPUT MIGHT BE 10.000 HZ SQUARE WAVE ON MPX/S OR10 HZ ON MPX/R 
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000 1 
0002 
0003 

0004 

0005 
0006 

0007 
oooa 

0009 
0010 

0011 
0012 
0013 
00 14 
0015 

0016 
0017 
0018 

0019 

C 
C 
C 
C 
C 

C 

C 
C 
C 

C 

C 
C 
C 

C 

C 
C 
C 
9 

C 
C 
C 
C 

SAMPLE PROGRAM NO. a 

T H I S  PROGRAM DEMONSTRATES USE OF DOUBLE BUFFERS FOR SIMULTANEOUS 
OUTPUT ON 2 P O I N T S  OF THE 1 8 5 6  

DOUBLE P R E C I S I O N  A O C C W 1 ( 2 ) r A O C C W 2 ( 2 1  
D I M E N S I O N  A O R C B A ( 8 )  r A O R C B 2 ( 8 1  
INTEGER+2 I O A 1 ( 3 ) . I O A 2 ( 3 1  .CTLA 

C T L A = 6 4  

C L T A = 6 4  I N D I C A T E S  WE WANT TO USE DOUBLE BUFFER F A C I L I T Y  

I O A 1 (  1)=0 
I O A 2 (  1)=0 

I O A  1( 2)=670 
I O A  1( 3 ) = 1 3 4 0  

670 IS ABOUT -1 VOLTS ON OUTPUT T E R M I N A L  

I O A 2 (  2 1  =O 
I O A 2 (  3)=0 

C A L L  F I D R T J  
C A L L  FRCBSU(AORCB1.28,AOCCWL~ 
C A L L  F R C B S U ( A O R C B ~ , ~ B I A O C C W ~ )  
C A L L  F D A O ( A O C C W l ~ I O A 1 ~ 2 r l 6 1 C T L A )  
C A L L  

BUFFERS ASSUMED PRESENT ON P O I N T S  0.1 .ABSENT ON P O I N T S  293 

FOAO( AOCCWZ I I O A 2  92 t 0) 

C A L L  F R T I O ( A O R C B 1 )  
C A L L  F R T i O ( A O R C B 2 )  
GO TO 9 

TO SEE THE E F F E C T  
OSCILLOSCOPE. NOTE 

END 

OF THE BUFFERS, SUPERIMPOSE P O I N T S  0.1 ON SWEEP 
RISE CURVE SHAPE . REPEAT PROGRAM n i i n  CTLA=O 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
t 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

0001 

0002 

0003 
0004 
0005 

0006 
0007 
0008 

0009 

0010 

0011 

00 12 
00 13 69 

0014 

0015 
00 16 50 
0017 11 
0018 3 
0019 
0020 6 5  
0021 

0022 

C 

C 

C 

C 

C 

C 

C 

C 

SAMPLE PROGRAM NO. 9 

T H I S  PROGRAM TESTS D I G I T A L  INPUT. 

VARIABLES BEGINNING I N  DIIDO,AIIAO RESPECTIVELY S I G N I F Y  
D I G I T A L  INPUT.  D I G I T A L  OUTPUTIANALOG INPUTrANALOG W T P U T  

V A R I A B L E S  ENDING I N  RCBICCWICNT~IOA RESPECTIVELY S I G N I F Y  
AREAS SET A S I D E  FOR REQUEST CONTROL BLOCKS, CHANNEL PROGRAMS, 
COUNT VARIABLES,  AND AREAS WHICH CONTAIN THE ACTUAL DATA 
FOR THE 1/0 OPERATION 

RESERVE THE NECESSARY DOUBLE UORD,FULL WORDtAND H A L F  WORD AREAS 
AS REQUIRED FOR CHANNEL PROGRAMS* RCBStAND 1/0 AREAS 

T H I S  L I K E  A L L  THESE PROGRAMS IS SOMEWHAT I N S T A L L A T I O N  DEPENDAN1 
FOR EXAMPLE D E V I C E  ADDRESSESIANO THE PHYSICAL CHARACTERISTICS 
OF THE FRONT END REAL T I M E  HARDWARE 

SET UP AREA FOR CHANNEL PROGRAM 
DOUBLE P R E C I S I O N  MAKES SURE CHANNEL PGM IS A L L  
DOUBLE P R E C I S I O N  D I C C W ( 1 6 )  
CREATE AREA FOR RCB 
D I M E N S I O N  D I R G E (  8 )  
S P E C I F Y  HALF WORD AREA FOR INPUT AREAS, P O I N T  
INTEGER*2INALB)tIPTADD(B) 
INTEGER*ZMl  
DATA M l / - l /  

GNED ON DOUBLE WORD BNDRY 

ADDRESSES 

T H I S  PROGRAM W I L L  READ UP TO 8 D I G  I N P U T  GROUPS OF 1 6  POINTS 

IOPT=O 
ICNT=B 
I D E N T I F Y  REAL T I M E  JOB 
C A L L  F I D R T J  
CREATE RCB 

CREATE CHANNEL PROGRAM 

UNMASK C H A N N E L t I F  NECSSARY) 
C A L L  FUNMSK (0 I RCB 1 
DO 3 IJ=1.522 
EXEC REAL T I M E  1/0 ( I €  READ D I G  I N P U T  PTS64-71 )  
C A L L  F R T i O ( D I R C 5 )  
P R I N T  RESULTS OF A D I G I T A L  I N P U T  DETECT OK P R I N T  'HERE' 

DATA I P T A D D / 6 4 , 6 5 r 6 6 . 6 7 , 6 8 . 6 9 r 7 0 . 7 1 /  

C A L L  F R C B S U I D I R C B r Z B ~ O I C C W )  

C A L L  FDIG(DICCW*INA.ICNT*iPTADD,IOPTI 

DO 50 1 ~ 1 . 8  
I F (  I N A (  I )  .NE.Ml) WRITE ( 6 9  11) I NA 
FORMAT(1H 8 1 1 2 1  
CONTINUE 
WRITE (6 .65  1 
FORMAT ( ' HERE * 1 
GO TO 69 
CANCEL B Y  TYPING 'CANCEL' OK PUSHING PSW KESTART 
END 
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000 1 
0002 
0003 

0004 

0005 
0006 
0007 

0008 
0009 

0010 

0011 
0012 
0013 

0014 
0015 
00 16 

0017 

0001 

0002 
0003 

0004 

0005 
0006 
0007 
0008 
0009 

00 10 
0011 
0012 
0 0 1 3  
00 14 
0015 

0016 
0017 

C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
6 

C 
5 
C 
C 
C 

2 
C 
C 
C 

69 

C 

C 
C 
C 
C 
C 

C 

C 

C 
C 

C 

C 

SAMPLE PROGRAM NO. 10 

T H I S  PROGRAM I L L U S T R A T E S  THE USE OF ANALOG OUTPUT. 

DOUBLE P R E C I S I O N  AOCCW 

INTEGER*Z AOIOA 

AO I U A  1) =0 

WE ARE W R I T I N G  ON 16 CONSECUTIVE ANALOG P O I N T S  STARTING W I T H  ZERO 

C A L L  F I D R T J  

D IMENSION A O R C B ( 8 ) r A O I O A ( 1 7 )  

C A L L  
C A L L  F D A O l A O C C W ~ A O I O A t 1 6 t O )  

T H I S  FDA0 C A L L  SETS UP FOR 16 P O I N T S  TO BE WRITTENvSTANDARD MODE 

FRCBSU( AORCBt 28 9 AOCCW 

T H I S  NEXT LOOP SETS UP THE V4LUES TO BE WRITTEN (EACH OF 16 P O I N T S  
GETS SAME VALUE)  6600 = 1 VOLT ON TERMINAL(  2 VOLTS I F  YOU HAVE 
DRIVER A M P L I F I E R S )  
USE VOLTMETER TO SEE EFFECT 

DO 69 K = l r 4  
00 5 L=2.17 

A O I O A ( L )  =6600* (I(-1 I 

LOOP FOR ABOUT 1 SECOND 

DO 2 1=1.7000 
A = I  
A=SBKT t A 1 

PERFORM 1/0 OPERATION. - FOUR STEPS U F  ONE VULT AT ONE SEC. I N T R V L S  

C A L L  FRT IO( AORCB) 
CONTINUE 
GO TO 6 

EN0 

SAMPLE PROGRAM NO. 11 

T H I S  PKUGRAM I L L U S T R A T E S  THE US€ OF AlUALOG OUTPUT BY 

M A I N  ROUTINE 
P L G T T I N G  SEVERAL M A T H E H A f I C A L  CURVES ON A MEHORY-OSCILLOSCOPE. 

INTEGER*2 

COMMOk D E L T A I J U ~ I T ~ T H E T A ~ O U T P U T ~ F I N P T  
EXTkRNAL C IRCLE,  CAKDI HYPCYC 

OUTPUT ( 3 )  t F I  N I  S H t  I NPT 

C A L L  F I O R T J  

U N I T  29 IS SYSO13 
J U N I T  = 29 
OUTPUT( 1)=4 
THETA = 0.0 
DELTA = .05 
I N P T  = 4105 

CALL MC'UEUE ( 3  r C I R C L E  I RTRN, I N T t O )  

CALL  MPUEUE 5 r C A R D * I R T R N , I N T r 2 )  

CALL MQUEUE 7 tHYPCYC t I RTRNt  I N T  93) 

I F  ( I R T R N  .NE. D )  C A L L  FCANCL 

I F  ( I K T R N  .NE. 0) C A L L  FCANCL 

IF ( I R T R N  .NE. 01 C A L L  FCANCL 

C A L L  FDUNE 
END 
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000 1 
0002 
0003 
0004 
0005 

0006 
0007 
0008 
0009 

00 10 
0011 
0012 
0013 
0014 
0015 
00 16 
0017 
0018 

0019 
0020 
0021 
0022 
0023 
0024 

0 0 2 5  
0026 

000 1 
000 2 
0003 
0004 
0005 

0006 
0007 
0008 
0009 

00 10 
0011 
0012 
0 0 1 3  
00 14 
0015 
0016 
0017 
0018 

0019 
0020 
0021 
0022 
00 23 
0024 

0025 
0026 

SUBROUTINE C I R C L E  
I N T E G E R S 2  
DOUBLE P R E C I S I O N  CHNPRGvAICCLrMPXCC 
COMMON U ~ L T A I J U N I T , T H E T A ~ O U T P U T V F I N I S H ~ I N P T  
D I M E N S I U N  R C B l ( 8 ) r R C B 2 1 1 6 )  

OUTPUT I 3  1 v F I  N I  SHt I NPT 

C 
C SET UP R C B ' S  AND CHANNEL PROGRAMS 

C A L L  
C A L L  f R C B S U ( R C B 2 r 3 0 . A I C C l . 4 1 1 7 . M P X C C )  
C A L L  FDAO ICHNPRG. OUTPUT, 2 )  
C A L L  FAIKANIAICCl~FINISHvlvl~MPXCC~INPT) 

FRCB S U I  R C B l  t J U N  I T  r CHNPRG) 

C 
LO DO 25 L = 1.2000 
20 O U T P U T ( 2 )  = 2 0 4 7 * S I N ( T H E T A I +  2 0 4 7  

O U T P U T 1 3 1  =2047 * C O S ( T H E T A ) + Z 0 4 7  

i F  I IRTRN.NE.0)  C A L L  FCANCL 
C A L L  F R T I O I H C B L )  
THETA = THETA + D E L T A  

C A L L  F C H E C K I  R C B l  I R T R N t  1 t 

THETA = AMOO(THETAs6.2832)  
2 5  CONTINUE 

C 
C TEST FOR END OF R O U T I N E  

C A L L  F R T I O l R C B 2 1  

i F  I 1  .NE. 01 C A L L  FCANCL 
I F  ( F I N I S H  .GT. 01 GO TO 10 

C A L L  FCHECK I RGB2 I I 9 1) 

W R I T E ( 6 v 9 9 ) F I N I S . H  
99 F O R M A T ( ' O F I N I S H = * I 9 )  
C 

C A L L  FOONE 
END 

L 

2 5  
C 
C 

99 
C 

SUBROUTINE C A R 0  
I N T E G E R * 2  O U T P U T ( 3 l . F I N f S H . I N P T  
DOUBLE P R E C I S I O N  CHNPRGvAICCLrMPXCC 
COMMON DtLTA.JUNIT'THETA.OUTPUTIFINISH.INISHvINPT 
D I M E N S I O N  R C B l ( 8 ) s R C B 2 ( 1 6 )  

C 
C SET UP R C B ' S  AND CHANNEL PROGRAMS 

C A L L  FKCaSU(RCB1rJUNITICHNPRG) 
C A L L  FRCBSU(RCB2.30.AICC1.4r  17 *MPXCC 1 
C A L L  FDAO (CHNPRGv OUTPUT, 2 )  
C A L L  F A I R A N I A  I C C L  * F I N I S H  11 I 1 v  MPXCCv I N P T t  

C 
10 DO 25 L = 1.2000 
20 O U T P U T ( 2 )  = 682 + ( 2 * C O S I T H E T A )  - C U S l 2 + T H k T A ) l  + 2046 

O U T P U T ( 3 )  = 682 * ( Z * S I N ( T H E T A )  - S I N ( Z * T H E T A ) )  + 204b 
C A L L  F C H E C K ( R C B L r I R T R N * l J  I ___ LI .___ -. 

-I ."-_ ..x_I- - fi 1IRTRN.NE.O) C A L L  FCANCL 
C A L L  F R T I O I R C B L )  
THETA = THETA + D E L T A  \ 
THETA = A M O D l T H E T A v 6 . 2 8 3 2 )  
CONTINUE 

TEST FUR END OF R O U T I N E  
C A L L  FR T IO I RC 82) 
C A L L  F C H E C K ( R C 8 2 r I  r l )  
I F  ( I  .NE. 0) C A L L  FCANCL 

W R I T I i l  6 9  99)F I  N I S H  
I F  ( F I N I S H  .GT. 0) GO TO 10 

FORMAT ( * O F  I N 1  SH= * I 9 1  

C A L L  FDONE 
END 
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0001 
0002 
0003 
0004 
0005 

0006 
0007 
0008 
0009 

00 10 
0011 
0012 
0013 
00 14 
0015 
00 16 
0017 
00 18 

0019 
00 20 
0021 
0022 
0023 
0024 

0025 
0026 

SUBROUTINE HYPCYC 
INTEGER*2 
DOUBLE P R E C I S I O N  C H N P R G r A I C C l t  MPXCC 
COMMON DELTAtJUNIT~THETArOUTPUT1FINISH1INlSHrINPl 
D I M E N S I U N  R C B 1 1 8 ) r R C i 5 2 1 1 6 )  

OUTPUT 13) r F I N I S H .  I N P T  

C 
C 
C 
C 

0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
00 12 
0013 
00 14 
0015 
00 16 
0017 
0018 
00 19 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0028 
0029 

C 
C SET UP RCB'S AND CHANNEL PROGRAMS 

C A L L  
C A L L  F R C B S U 1 R C B Z r 3 0 * A I C C 1 . 4 r l 7 r M P X C C J  
C A L L  FDA0 ICHNPRG. OUTPUTr  2) 
C A L L  FAIRANlAICClrFINISHrlrl~MPXCCrINPT) 

FRCBSU1 RCB 1 t J U N  I T  r CHNPRGl 

C 
10 DO 25 L = 1.2000 
20 OUTPUT(2 )  = 2047 * S I N I T H E T A J * * 3  + 2047 

OUTPUT13J = 2047 * COS(THETAJ**3  + 2047 

I F  I IRTRN.NE.0) C A L L  FCANCL 
C A L L  F R T I O I R C B l )  
THETA = THETA + DELTA 

C A L L  F C H E C K ( R C B l r I R T R N v 1 )  

THETA = A M O D I T H E T A + 6 - 2 8 3 2 )  
25 CONTINUE 

C 
C T t S T  FOR END OF ROUTINE 

C A L L  F R T I O I R C E Z )  

I F  (I .NE. 0) C A L L  FCANCL 
CALL  F C H E C K ( R C B Z v I v 1 )  

I F  ( F I N I S H  .GT- 0 )  GO TO 10 
W R I T E I 6 r Y 9 ) F f N I S H  

99 FURMAT1 ' O F I N I S H = ' I 9 )  
C 

C A L L  FEOKTJ  
END 

SAMPLE PROGRAM NO. 12 

T H I S  PROGRAM GENERATES A FOUR-LEAF ROSE ON MEMORY-OSCILLOSCOPE 

DOUBLE P R E C I S I O N  CCW 

INTEGER*2 A R R A Y ( 8 0 0 0 )  
DATA ARRAY111 /4 /  
D IMENSION N R C B l 8 )  
CALL  F l O R T J  

ATTACHED TO P O I N T  4.5 OF 1856 ANALOG OUTPUT 

INTEGER*Z XNIZOOO), e Y N ( 2 0 0 0 1  

C A L L  
C A L L  

FRCBSU1 NRCB 28 r CCW 1 
FDA01  CCW t ARRAY * 4000.3J 

CALL  FUNMSKINRCB) 
AAK=6.283185/1999.  
DO 20 1=1r2000 
R = I - 1  
TH=R*AAK 
X N ~ I ) = 3 2 7 6 7 . * C O S ( T H l * S I N ( 2 , * T H )  
YN( 11=32767 .+S IN(THJ+SiN~Z. *TH)  

DO 30 I=lr2000 
K=4+ I 
ARRAY 1 K- 3 1 =4 
AKRAY IK -Z )=XN(  1 1  
AKR AY ( K- 1 1 = 5 
ARRAY l K ) = Y N (  I 

20 CONTINUE 

30 CONTINUE 
10 CONTINUE 

C A L L  F R T I O ( N R C 8 p I R E T )  
C A L L  F C H E C K l N R C B r I J R E T * l )  
GO TO 10 

21  C A L L  E X I T  
END 
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1 .  GENERAL DESCRIPTION 

The analog patch panel  and the  l o g i c  pa tch  panel a re  component u n i t s  o f  the  SS-100 

Analog/Hybr id Computer mainframe, which conta ins  a1 1 computing components and 

pa tch  panels.  The patch panels a re  removable f rom the .mainframe f o r  p a t c h i n g  

and/or s to rage f o r  l a t e r  use. 

Each h o l e  i n  the  patch panels i s  c o l o r  coded and des ignated accord ing  t o  i t s  

f u n c t i o n .  Patch cords are  t y p i c a l l y  i n s e r t e d  i n  the patch panels w h i l e  panels 

a r e  removed from the patchbay; however, cords a l s o  can be i n s e r t e d  w h i l e  the 

panels a re  engaged. Patch cords are  a v a i l a b l e  i n  assor ted  lengths;  the s h o r t e s t  

p o s s i b l e  connect ion between ho les  enhances neatness and bandwidth. 

When panels have been patched remotely f rom the mainframe, the  panels a re  s imp ly  

s l i d  i n t o  t h e  patchbay and locked i n  p lace.  The a c t i o n  o f  i n s t a l l i n g  the patch 

panel i n  the patchbay causes the patch cord  p l u g  t i p s  t o  wipe the receptac le  

c o n t a c t  s p r i n g s  t o  assure p o s i t i v e  connect ion.  

1 . 1  ANALOG PATCH PANEL 

The analog pa tch  panel con ta ins  a t o t a l  o f  3672 ho les ,  each o f  which i s  c o l o r  

coded and des ignated i n  accordance w i t h  t h e i r  i n d i v i d u a l  f u n c t i o n s .  F igure  1 - 1  

i s  a p i c t o r i a l  view i n  c o l o r  o f  the unpatched analog pa tch  panel .  Table A - 1  

i n  Appendix A d e l i n e a t e s  the c o l o r  scheme; Table A-2 g i v e s  a complete l i s t i n g  

o f  coding ( d e s i g n a t i o n  and c o l o r )  and f u n c t i o n  o f  each h o l e  i n  the  analog 

patch panel .  

To f a c i l i t a t e  i n  i d e n t i f y i n g  and l o c a t i n g  the  var ious  components, the  panel 

i s  d i v i d e d  i n t o  groups o f  components known as s e c t o r s .  There are  s i x  sec tors  

as shown i n  F igure  1-2. The components i s  a s e c t o r  a r e  numbered f rom 1 

through some upper l i m i t  u s u a l l y  30. Th is  component number i s  added t o  t h e  

th ree  d i g i t  s e c t o r  number t o  o b t a i n  the component address. For example, the  

address o f  a m p l i f i e r  7 i n  s e c t o r  100 i s  A l O 7 .  Potent iometer  1 1  i n  t h e  500 

s e c t o r  has an address o f  P 5 1 1 .  Any component can be q u i c k l y  l o c a t e d  on t h e  

panel  once the numbering system and genera l  panel  l a y o u t  i s  understood. 

1 - 1  



1.2 L O G 1  C PATCH PANEL 

The l o g i c  pa tch  panel  as p i c t u r e d  i n  F igure  1-3 has 1632 holes.  The coding 

and f u n c t i o n s  o f  each h o l e  i n  the  l o g i c  pa tch  panel i s  g iven  in Table A-3 i n  

the Appendix A. Th is  panel  uses a d i f f e r e n t  s e c t o r  arrangement and numbering 

system than the analog panel .  

each d i f f e r e n t  type  o f  component i s  numbered s e q u e n t i a l l y  from 1 t o  i t s  upper 

l i m i t .  However, the  except ion  t o  t h i s  scheme i s  the  numbering and arrangement 

o f  the i n t e g r a t o r  mode c o n t r o l  and t i m e  sca le  pa tch ing  ho les .  They a r e  numbered 

t o  correspond t o  the r e l a t e d  i n t e g r a t o r  amp1 i f i e r  addresses; the p h y s i c a l  arrange- 

Because o f  t h e  s m a l l e r  complement o f  equipment, 

ment  c l o s e l y  d u p l i c a t e s  the s e c t o r  arrangement f o r  these f u n c t i o n s  o n l y  as 

i l l u s t r a t e d  i n  F iaure  1-4. 

1.3 PATCH CORDS 

There are two 

To p r o v i d e  f u  

c o a x i a l  cab le  

types o f  patch cords prov ided t o  w 

1 s h i e l d i n g ,  t h e  cords f o r  the ana 

The c e n t e r  conductor o f  the coax 

r e  the SS-100 pa tch  panels .  

og pa tch  panel a r e  made o f  

c a r r i e s  t h e  s i g n a l  w h i l e  the 

o u t e r  b r a i d  completes the  s h i e l d i n g  through t h e  ground a t  the  aluminum patch 

panel .  Patch cord  s i z e s  o f  5, 7, 9, 1 1 ,  15, 19, 27 and 36 inches are  

a v a i l a b l e .  These cords a r e  c o l o r  coded f o r  easy i d e n t i f i c a t i o n .  A lso  

a v a i l a b l e  a r e  shunt o r  b o t t l e  p lugs f o r  p a t c h i n g  ad jacent  ho les  on the  panel  

and an e i g h t - i n p u t  commoning b l o c k  fo r  o f f - t h e - p a n e l  m u l t i p l e  connect ions.  

See F igure  1-5. 

A second type o f  cord  i s  used f o r  p a t c h i n g  the  

cords are  a s i n g l e  unshie lded w i r e  type and a r e  

9, 1 1 ,  and 15 inches. Shunt p lugs and s i x - h o l e  

panel  p a t c h i n g  a r e  a l s o  a v a i l a b l e .  See F igure  

o g i c  pa tch  panel .  These 

a v a i l a b l e  i n  s i z e s  o f  5, 7, 
commoning b locks  f o r  l o g i c  

-6. 
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1.4 HELPFUL HINTS D U R I N G  PATCHING 

The f o l l o w i n g  h e l p f u l  h i n t s  a re  recommended t o  f a c i l i t a t e  easy and e f f i c i e n t  

pa tch ing .  

Patch panels remotely f rom the mainframe. The patchboard inc ludes  p r o t e c t i v e  

r a i l s  t o  p e r m i t  p a t c h i n g  w h i l e  on a f l a t  sur face .  The programmed patchboard 

may be s t o r e d  f o r  l a t e r  use o r  reuse. 

Use an analog diagram represent  

Component numbers should be ass 

p a t c h i n g  r a t h e r  than making ass 

up the p a t c h i n g  process and min 

ng the problem t o  be so lved d u r i n g  pa tch ing .  

gned t o  t h e  var ious  computing elements p r i o r  t o  

gnments d u r i n g  pa tch ing ;  t h i s  technique speeds 

mizes p a t c h i n g  e r r o r s .  I n  a d d i t i o n ,  a f t e r  a 

connect ion i s  made, " red l i n e "  the analog diagram showing t h a t  the connect ion 

was made. T h i s  a l s o  minimizes e r r o r s  and a i d s  i n  m a i n t a i n i n g  your  p lace  d u r i n g  

i n t e r r u p t i  ons. 

Whi le pa tch ing ,  keep a l l  connect ions as s h o r t  and d i r e c t  as p o s s i b l e .  Panel 

w i r i n g  w i l l  be n e a t e r  and optimum bandwidth w i l l  be achieved. Use b o t t l e  

p lugs f o r  p a t c h i n g  ad jacent  ho les .  Arrange the  components i n  your  problem 

so t h a t  lead lengths  a r e  k e p t  s h o r t .  
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2. COMPONENT PATCHING 

T h i s  s e c t i o n  conta ins  complete d e t a i  1s on p a t c h i n g  each o f  the  computing 

elements i n  t h e  mainframe. The analog pa tch  panel i s  covered i n  Subsect ion 

2.1, w h i l e  the l o g i c  pa tch  panel  i s  covered i n  Subsect ion 2.2. Complete 

i n s t r u c t i o n s  f o r  p a t c h i n g  each element a r e  g iven;  b u t  f o r  d e t a i  l e d  i n f o r m a t i o n  

on ho les  n o t  i d e n t i f i e d  i n  the  p a t c h i n g  d e s c r i p t i o n s ,  r e f e r  t o  Tables A-1 t h r u  

A - 3  i n  Appendix A. 

2.1 ANALOG ELEMENTS 

Whi le  each analog computing component was designed f o r  a s p e c i f i c  purpose, 

u s u a l l y  i t  can be used f o r  a v a r i e t y  o f  o t h e r  opera t ions  i f  patched p r o p e r l y .  

I n  the f o l l o w i n g  paragraphs, the  p a t c h i n g  o f  each element i n  i t s  des ignated 

mode i s  shown; b u t  where o t h e r  u s e f u l  and obvious arrangements a r e  p o s s i b l e ,  

they are  descr ibed.  A l l  p o s s i b l e  a p p l i c a t i o n s  are  n o t  covered, however, and 

re fe rence t o  an analog computer programming and a p p l i c a t i o n s  t e x t  i s  

recommended. 
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2.1.1 Potent iometers 

The SS-100 conta ins  two d i f f e r e n t  types o f  po ten t iometers :  servo  s e t  and hand 

s e t  (see F igure  2-1).  

The servo po ts  can be s e t  f rom the  d i g i t a l  computer, the  keyboard, o r  manual ly 

by the  o p e r a t o r  w i t h  t h e  f r o n t  panel knob. One end o f  the  r e s i s t a n c e  element o f  

the  servo s e t  p o t s  i s  permanent ly connected t o  ground. The h i g h  s i d e  and the  

p o t  arm te rmina te  a t  the  analog panel .  A t o t a l  o f  120 servo  p o t s  a r e  i n  a f u l l y  

expanded sys ten. 

Both a r e  10- turn u n i t s  w i t h  a s e t t i n g  accuracy o f  0.015%. 

There are  12 hand s e t  p o t s  i n  t h e  SS-100. The low s i d e  o f  these po ts  i s  n o t  

permanently w i r e d  t o  ground. Instead,  a l l  t h r e e  p o t  connect ions t e r m i n a t e  a t  

the  analog panel .  Th is  permi ts  a v a r i e t y  o f  u s e f u l  opera t ions  t o  be performed. 

I f  des i red ,  the low s i d e  o f  the  p o t  may be patched t o  ground f o r  convent iona l  

ope r a t  ion.  

Each hand s e t  p o t  i s  a l s o  p r o v i d e d  w i t h  a t h r e e - p o s i t i o n  s w i t c h  t h a t  s e l e c t s  

the i n p u t  t o  the  h i g h  s i d e  o f  the p o t .  I n  t h e  c e n t e r  p o s i t i o n ,  the  pa tch  

panel i n p u t  i s  a p p l i e d  t o  t h e  po t .  I n  e i t h e r  the  l e f t  o r  r i g h t  p o s i t i o n s ,  

+lo0 o r  -100 v o l t s  re fe rence w i l l  be app l ied .  When re fe rence v o l t a g e  i s  

a p p l i e d  through t h e  swi tch ,  the low s i d e  o f  the  p o t  i s  a u t o m a t i c a l l y  grounded. 

The hand s e t  p o t  i s  a l s o  p r o v i d e d  w i t h  a c a l i b r a t e d ,  l o c k i n g  d i a l .  

Each p o t  i n  t h e  system i s  s u p p l i e d  w i t h  a 1/32 ampere fuse i n  s e r i e s  w i t h  

t h e  arm t o  p r o t e c t  a g a i n s t  s h o r t s  t o  ground and i n c o r r e c t  pa tch ing .  
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2.1.2 Summer/lnverter 

The summer/ inverter a m p l i f i e r  can be used i n  a v a r i e t y  o f  modes by p a t c h i n g  

the  var ious  i n p u t s  and ou tpu ts  as des i red .  F i g u r e  2-2 shows the s tandard 

conf  i g u r a t  i on. 

Patch ing  SJ t o  B connects the i n p u t  summing network t o  the  i n p u t  o r  base 

o f  the a m p l i f i e r .  T h i s  p rov ides  two g a i n  1 i n p u t s  and a g a i n  10 i n p u t .  

Pa tch ing  the a m p l i f i e r  o u t p u t  12 o f  F connects the  s tandard 1 megohm feed- 

back r e s i s t o r .  

A d d i t i o n a l  i n p u t  r e s i s t o r s  a r e  ob ta ined by p a t c h i n g  SJ t o  SN. T h i s  adds two 

ga in  10 i n p u t s  and a ga in  1 i n p u t .  

A lOOK feedback r e s i s t o r  i s  ob ta ined by removing the o u t p u t  12 t o  F pa tch  

and p a t c h i n g  the o u t p u t  12 t o  a g a i n  10 i n p u t .  The SJ t o  B pa tch  remains 

as be fore .  I n  t h i s  c o n f i g u r a t i o n ,  t h e r e  are  two u n i t y  ga in  i n p u t s  (ga in  

10 i n p u t s )  and f o u r  10th g a i n  i n p u t  ( g a i n  1 i n p u t s ) .  The F h o l e  i s  one o f  

the  10th ga in  inputs .  

Wi th  the l O O K  feedback r e s i s t o r ,  the  summer/ inverter may be used as an o u t p u t  

a m p l i f i e r  f o r  f u n c t i o n  generators .  To accompl ish t h i s ,  remove the SJ t o  SN 

pa tch  and connect t h e  f u n c t i o n  genera tor  ou tpu t  t o  SJ. 

A l l  r e s i s t o r s  can be borrowed t o  be used w i t h  another  a m p l i f i e r ,  i f  they 

a r e  n o t  used w i t h  t h e  a m p l i f i e r  they are  assoc ia ted  w i t h .  As i n  t h e  case o f  a 

l o g / a n t i l o g  c o n f i g u r a t i o n ,  the  feedback r e s i s t o r  can a l s o  be borrowed s i n c e  

i t  i s  n o t  needed i n  t h i s  c o n f i g u r a t i o n .  
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2.1.3 Summer/lntegrator 

F igure  2-3 shows t h e  s tandard c o n f i g u r a t i o n  f o r  p a t c h i n g  an i n t e g r a t o r .  

Pa tch ing  the  SJ t o  OJ and B t o  B '  connects t h e  summer/ inverter a m p l i f i e r  

w i t h  i t s  i n p u t  r e s i s t o r  network t o  t h e  r a t e  and h o l d  c a p a c i t o r s ,  and t h e  

e l e c t r o n i c  mode c o n t r o l  swi tches f o r  o p e r a t i o n  as an i n t e g r a t o r .  As i n  

t h e  summer/ inverter,  the  SJ t o  SN connect ion adds two lOOK and one 1 megohm 

i n p u t  res i s  t o r s .  

The diamond shaped u n i t s  represent  the  e l e c t r o n i c  mode c o n t r o l  swi tches.  

U n i t s  1 ,  2 and 3 a r e  s e r i e s  FET swi tches,  w h i l e  u n i t s  4, 5 and 6 a r e  

b i p o l a r  t r a n s i s t o r  swi tches.  The t a b l e  shows t h e  c o n d i t i o n  o f  each s w i t c h  i n  

each mode. The terms ON and OFF, i n  re fe rence t o  t h e  mode c o n t r o l  swi tches,  

mean c losed and open. 

The mode c o n t r o l  swi tches a r e  operated by l o g i c  l e v e l s  a p p l i e d  t o  them a t  

the  l o g i c  patch panel .  The r a t e  and h o l d  c a p a c i t o r s  a r e  s e l e c t e d  by p a t c h i n g  a t  

the  l o g i c  panel a l s o .  Refer  t o  t h e  l o g i c  p a t c h i n g  s e c t i o n  (F igure  2-24) o f  

t h i s  manual for  d e t a i l s .  

The summer/ integrator may a l s o  be used as a convent iona l  summer/ inverter 

by removing the  SJ t o  OJ and B t o  B' 

i n s t r u c t i o n s  g iven e a r l i e r  on t h e  summer/ inverter.  

connect ion and f o l l o w i n g  the p a t c h i n g  
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2.1.4 M u l t i p l i e r  

The q u a r t e r  square m u l t i p l i e r  i s  patched f o r  f o u r  quandrant m u l t i p l i c a t i o n  

as shown i n  F i g u r e  2-4. The i n p u t s  +X and +Y a r e  s u p p l i e d  t o  t h e  squar ing  

c i r c u i t r y  and t o  i n v e r t e r s  26 and 27 t o  produce -X and -Y.  

a m p l i f i e r  i s  f u r n i s h e d  w i t h  a lOOK feedback r e s i s t o r  by p a t c h i n g  F t o  M 5 .  
The i n p u t  v o l t a g e  range i s  - + l o 0  v o l t s  fo r  e i t h e r  X o r  Y,  and t h e  o u t p u t  i s  

- X Y /  100. 

The o u t p u t  

For squar ing  opera t ions ,  t h e  m u l t i p l i e r  p a t c h i n g  arrangement as shown i s  

used, b u t  the +X and +Y i n p u t  l i n e s  a r e  t i e d  t o g e t h e r .  The o u t p u t  i s  

-x2/  100. 

When the  m u l t i p l i e r  i s  n o t  be ing  used, t h e  F t o  M 5  pa tch  should s t i l l  be used 

t o  p r o v i d e  a feedback r e s i s t o r  f o r  t h e  ou tpu t  a m p l i f i e r .  A l l  o t h e r  p a t c h i n g  

may be removed. I n  t h i s  c o n f i g u r a t i o n ,  a m p l i f i e r s  026 and 027 may be used as 

f r e e  u n i t y  g a i n  i n v e r t e r s  (IOOK/IOOK). 
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M U LT I PL I E R PATC H IN 6 

NOTE: FOR SQUARING OPERATIONS (X*I,SIMPLY CONNECT 
X AND Y INPUTS TOGETHER. 

FIGURE 2 - 4  
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2.1.5 M u l t i p l i e r  Output A m p l i f i e r  Gain 

In  some SS-10 c o n f i g u r a t i o n s  as i n  F igure  2-5, the  m u l t  p l i e r  o u t p u t  a m p l i f i e r s  

a r e  p rov ided w i t h  a manual ly s e l e c t a b l e  ga in.  Feedback r e s i s t o r s  o f  lOOK (s tand-  

a rd)  and 1 megohm a r e  s u p p l i e d  t o  produce gains o f  1 an 10. Switches i n  the  

m u l t i p l i e r  module a r e  used to  s e l e c t  t h e  d e s i r e d  value. The m u l t i p l i e r  o u t p u t  

express ions are  -XY/lOO w i t h  a ga in  o f  1 (100K) and -XY/lO f o r  a ga in o f  10 

( 1  megohm). 
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M U L T I P L I E R  OUTPUT A M P L I F I E R  ( G A I N  CONTROL O P T I O N )  PATCHING 
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2.1.6 D i v i d e r  

The q u a r t e r  square m u l t i p l i e r  may be patched t o  produce d i v i s i o n  as shown i n  

F i g u r e  2-6. I n  t h i s  c o n f i g u r a t i o n ,  the  squar ing  c i r c u i t r y  i s  connected i n  t h e  

feedback pa tch  o f  t h e  o p e r a t i o n a l  a m p l i f i e r .  To use t h e  d i v i d e r ,  the  f o l l o w i n g  

r u l e s  app ly :  

a. The denominator Y must be p o s i t i v e .  

b.  The denominator Y must remain g r e a t e r  than the  

numerator X a t  a l l  t imes. 

c. The denominator must n o t  go t o  zero.  

d. The o u t p u t  i s  equal  t o  -100 X/Y when patched as shown. 

To p r o v i d e  s t a b i l i t y  i n  t h i s  mode, i t  i s  u s u a l l y  necessary t o  p rov ide  a s m a l l  

amount o f  c a p a c i t i v e  feedback f o r  the  o u t p u t  a m p l i f i e r .  T h i s  i s  done by 

p a t c h i n g  the  a p p r o p r i a t e  h o l e  on t h e  l o g i c  panel t o  l o g i c  t r u e  (LT) .  T h i s  

p u l l s  i n  a r e l a y  t h a t  connects t h e  c a p a c i t o r  t o  the a m p l i f i e r .  
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2.1.7 Square Root 

The square r o o t  o f  a 

shown i n  F igure  2-7. 

i t  i s  the feedback e 

t o  the  lOOK r e s i s t o r  

i s  equal t o  -10 m u l t  

-I__ 

s i g n a l  i s  found w i t h  the  m u l t i p l i e r  c i r c u i t  patched as 

One p a r t  o f  the  squar ing  c i r c u i t r y  i s  connected s o  t h a t  

ement f o r  t h e  ou tpu t  a m p l i f i e r .  The i n p u t  X i s  a p p l i e d  

a t  F and may be e i t h e r  p o s i t i v e  o r  negat ive .  The o u t p u t  

p l i e d  by the  square r o o t  o f  t h e  abso lu te  va lue  o f  X. 

The i n p u t  a m p l i f i e r  026 and 027 may be e l i m i n a t e d  from the  p a t c h i n g  by connect ing 

the M 5  o u t p u t  d i r e c t l y  t o  bo th  +X and +Y. 

connect ions . 
Remove the  026 t o  -Y and 027 t o  -X 

I n  t h i s  mode, a smal l  feedback c a p a c i t o r  may be needed on t h e  o u t p u t  a m p l i f i e r  

f o r  s t a b i l i t y .  Pa tch ing  t h e  a p p r o p r i a t e  h o l e  on the l o g i c  panel t o  l o g i c  

t r u e  (LT) w i l l  connect t h i s  c a p a c i t o r  v i a  a r e l a y  as shown. 
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2.1.8 Fixed Diode Funct ion Generator 

The FDFG's produce a cur ren t  ou tpu t  t h a t  va r ies  i n  accordance w i t h  the 

mathematical func t ions :  

t o  the base 10 o f  an i n p u t  X .  Two log  X f unc t i on  generators are provided, 

one f o r  negat ive inputs  and the o the r  f o r  p o s i t i v e  inputs  as shown i n  F igure 

2-8. The inputs  a re  labeled +X and -X on the analog patch panel. The outputs 

are se lec ted  w i t h  a SPDT swi tch,  and the swi tch  output  appears a t  the FJ ho le  on 

the panel. The switches are located w i t h i n  the  log card module beneath the 

SS-100 mainframe w r i t i n g  s h e l f .  Since t h i s  i s  a cu r ren t  output ,  i t  should be 

patched t o  the base o f  an opera t iona l  a m p l i f i e r  t h a t  i s  provided w i t h  a l O O K  

feedback r e s i s t o r .  Any summer/inverter patched w i t h  a l O O K  feedback r e s i s t o r  

can be used. The SJ t o  B patch on the a m p l i f i e r  should a l s o  be made. A 

convenient p lace t o  connect the func t i on  generator output ,  FJ t o  the a m p l i f i e r ,  

i s  v i a  the SJ ho le  adjacent t o  SN ( I J  o f  an i n t e g r a t o r  dur ing  i n i t i a l  cond i t i on ) .  

The output  o f  the a m p l i f i e r  w i t h  the DFG inpu t  i s  -50 l o g l o  X. 

The X f unc t i on  generators are connected i n  a s i m i l a r  manner. Again both 

p o s i t i v e  and negat ive i npu t  u n i t s  are prov ided w i t h  inputs  +X and - X  a t  the 

patch panel. As i nd i ca ted  i n  F igure 2-8, t h e i r  outputs a re  connected together  

a t  the  FJ output  hole.  As i n  the  log X connection, the FJ output  connects 

t o  the base o f  an opera t iona l  a m p l i f i e r  w i t h  a l O O K  feedback r e s i s t o r .  The 

output  from t h i s  combination i s  -X2/ loo.  

X2 o r  l og  X.  The log  X DFG's generate the logar i thm 

2 

The F1 and F5 holes below the FJ output  holes on the DFG's are no t  used. By 

connecting the FDFG's i n  the feedback path o f  the opera t iona l  a m p l i f i e r ,  the 

i m p l i c i t  f unc t i ons - -an t i l og  (X/50) w i t h  l og  X cards and - 1 O f i w i t h  X2 cards 

can be performed. To patch these con f igu ra t i ons ,  connect FJ o f  the DFG t o  the 

SJ o f  the opera t iona l  a m p l i f i e r .  Patch the a m p l i f i e r  output  t o  e i t h e r  the +X 

o r  -X i npu t  o f  the DFG depending upon the des i red p o l a r i t y .  Do n o t  patch 

a l O O K  feedback r e s i s t o r  on the a m p l i f i e r .  Patch on ly  the B t o  SJ connection. 

The inpu t  w i l l  be a ga in 10 i npu t  on the opera t iona l  a m p l i f i e r .  
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F I X E D  D I O D E  FUNCTION GENERATOR PATCHING 
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2.1.9 Log X Diode Funct ion Generator 

I n  some SS-100 c o n f i g u r a t i o n s ,  t h e  l og  X DFG pa tch  panel connect ions a r e  as shown 

i n  F igure  2-9. The +X o u t p u t  appears a t  FJ and t h e  -X o u t p u t  a t  F1. No p o l a r i t y  

swi tches a r e  used. A l l  o t h e r  p a t c h i n g  i n s t r u c t i o n s  are  t h e  same. (This  i s  a l s o  

t r u e  f o r  some X2 DFG pa tch  panel connect ions. )  
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LOG X D I O D E  F U N C T I O N  G E N E R A T O R  PATCHING 

FIGURE 2-9 
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2.1.10 Manual Diode Funct ion Generator 

The MDFG i s  patched as shown i n  F igure  2-10. The i n p u t  X i s  a p p l i e d  t o  

i n v e r t e r  023 t o  generate -X. Both +X and -X a r e  a p p l i e d  t o  t h e  f u n c t i o n  

generator .  The o u t p u t  o f  t h e  MDFG i s  a p p l i e d  t o  t h e  base o f  the  ou tpu t  a m p l i f i e r  

003. 

When the  MDFG i s  n o t  used, t h e  i n p u t  a m p l i f i e r  023 may be used f r e e l y  as an 

i n v e r t e r  by removing the connect ions t o  +X and - X .  The o u t p u t  a m p l i f i e r  can 

a l s o  be used as a f r e e  1 meg/l meg i n v e r t e r  by pa tch ing  EXT t o  COM. T h i s  p u l l s  

i n  t h e  normal ly  c losed r e l a y  opening t h e  contac ts  and break ing  t h e  connect ion 

o u t p u t  and t h e  a m p l i f i e r  base. between the  f u n c t i o n  generator  

There a r e  two MDFG's and assoc 

t h e  o t h e r ,  on t h e  patch panel .  

s imu l taneous ly .  

a t e d  ampl 

Patch ing  

f i e r s  

EXT t o  

ocated together ,  one above 

COM f r e e s  b o t h  ou tpu t  ampl i f  i e r s  
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2.1.11 Resolver 

The b a s i c  r e s o l v e r  p a t c h i n g  on t h e  analog panel  i s  as shown i n  F igure  2-11. 

These M t o  F patches connect l O O K  feedback r e s i s t o r s  t o  t h e  m u l t i p l i e r  o u t -  

p u t  a m p l i f i e r s .  The o t h e r  h o l e s  are  the  i n p u t s  and outpu s t o  the  v a r i o u s  

r e s o l v e r  components ( m u l t i p l i e r s ,  s ine-cos ine generators ,  e t c . ) .  The 

l o g i c  pa tch ing  determines t h e  r e s o l v e r  mode. I n  a l l  reso  v e r  modes, the  

s i n e  and cos ine values a r e  a v a i l a b l e  f o r  use a t  the  pa tch  panel .  

i s  a t y p i c a l  r e s o l v e r  i n  t h i s  case 401. 

F igure  2-11 
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RESOLVER PATCHINO 

ANALOG PANEL 

1;l 

PATCH ONE OF T H E S E  TO LT FOR 
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COMPONENTS ARE FREED. 

LOGIC PANEL 

LT = 
LOGIC TRUE = DIGITAL GND 

FIGURE 2-11 
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2.1.11.1 Resolver-Normal Mode 

Wi th no  l o g i c  pa tch ing ,  a l l  o f  t h e  i n d i v i d u a l  components can be used 

separa te ly .  No r e s o l v e r  f u n c t i o n s  w i  1 1  be performed. T h i s  p rov ides  t h e  

programmer w i t h  one s ine-cos ine  genera tor  and f o u r  q u a r t e r  square m u l t i p l i e r s  

t h a t  can be used f r e e l y .  

The q u a r t e r  square m u l t i p l i e r s  produce the  o u t p u t  - X Y / l O O .  By connect ing 

the X and Y i n p u t s  together  as shown i n  F igure  2-12, the  squar ing  f u n c t i o n  can 

be performed. 

can a l s o  be used f o r  d i v i s i o n  by removing the M t o  F pa tch  and p a t c h i n g  M t o  Y .  

The X i n p u t  w i  1 1  be denominator, whi l e  the F i n p u t  w i  1 1  r e c e i v e  the numerator Y. 

The o u t p u t  a t  M w i l l  be - l O O Y / X .  For t h i s  connect ion,  X shou ld  always be 

p o s i t i v e ,  g r e a t e r  than zero  and g r e a t e r  than Y. For square r o o t  opera t ions ,  

pa tch  b o t h  X and Y t o  M w i t h  an o f f  the  board m u l t i p l e  and app ly  the  i n p u t  

t o  F. 

The o u t p u t  i s  -X2/100 w i t h  t h i s  connect ion.  These m u l t i p l i e r s  

The o u t p u t  w i l l  be -10 m- 
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RESOLVER- NORMAL MODE PATCHING 
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2.1.11.2 Forward Resolut ion (1R)  

I n  t h i s  mode the reso lver  performs p o l a r  t o  rec tangu lar  coord inate t ransformat ion.  

The vo l tage represent ing the angle i s  patched t o  0 ,  and the vo l tage represent ing 

the radius ro i s  connected t o  Y 4  as shown i n  F igure 2-13. 

appear a t  M 4  and M5,  respec t ive ly .  

The X and Y outputs 

To operate the reso lve r  i n  t h i s  mode, the f o l l o w i n g  pa tch ing  i s  required. 

Analog: a. M t o  F patches t o  p rov ide  m u l t i p l i e r  output  

amp1 i f  i e r s  w i  t h  feedback r e s i s t o r s .  

Inputs 0 and rOy outputs x and b. 

Log i c: Patch 1 R  t o  l o g i c  t r u e  (LT) .  

Patching 1 R  t o  LT on the l o g i c  panel actuates re lays i n  the reso lver  module 

tha t  in terconnect  the components i n  the proper con f igu ra t i on  as shown i n  

Figure 2-13. These are s t r i c t l y  i n t e r n a l  connections made automat ica l l y  and 

no patch ing i s  necessary. 

In t h i s  mode m u l t i p l i e r s  M 6  and M 7  are n o t  used s o  they are f ree  t o  be used 

as required. 
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FORWARD RESOLUTION (1R) PATCHING 
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2.1.11.3 - Double Forward Reso lu t ion  (2R) 

Th is  mode prov ides  p o l a r  t o  r e c t a n g u l a r  c o o r d i n a t e  convers ion f o r  two i n p u t  

r a d i  i , ro and rl, a t  the  same angle 0 .  

they appear a t  M 4 ,  M 5 ,  .M6 and M 7 .  

The o u t p u t s  a r e  X ,  Y ,  and XI, y1; 

The p a t c h i n g  r e q u i r e d  f o r  t h i s  mode i s  as f o l l o w s :  

Analog: a. Standard p a t c h i n g  as shown i n  F igure  2-14. 

b .  Inpu ts  0 ,  ro, r l ,  and o u t p u t s  X ,  Y ,  XI and y1. 

Log i c:  Patch 2R t o  LT. 

The l o g i c  p a t c h i n g  operates r e l a y s  t h a t  i n t e r n a l l y  connect t h e  r e s o l v e r  

components as shown i n  F igure  2-11. 
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DOUBLE FORWARD RESOLUTION ( 2 R )  PATCHING 
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2.1.11.4 Inverse Resolut ion ( I N V )  

This  reso lver  mode provides rec tangu lar  t o  p o l a r  conversion. The inputs  are 

vol tages represent ing X and Y, and the outputs are vol tages p ropor t i ona l  t o  

r and 0 .  

Patching requi red:  

Analog: a. Standard reso lver  patch ing as shown i n  Figure 2-15. 

b .  Inputs X and Y, outputs r and e. 

Logic:  I N V  t o  LT. 

The component con f igu ra t i on  i s  as shown i n  F igure 2-15. I n  t h i s  mode, do 

n o t  patch t o  the e inpu t .  
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INVERSE RESOLUTION (INV) PATCHING 
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2.1.11.5 R o t a t i o n  o f  Ax is  (ROT) 

T h i s  mode o f  r e s o l v e r  o p e r a t i o n  prov ides  f o r  r o t a t i o n  o f  r e c t a n g u l a r  c o o r d i n a t e  

a x i s .  Given coord ina tes  X and Y and a d e s i r e d  angle o f  r o t a t i o n  0 as i n p u t s ,  

t h e  new p o s i t i o n  o f  the  coord ina tes  X ’  and y 1  a r e  generated as ou tpu ts .  

The r e q u i r e d  p a t c h i n g  i s  g i v e n  below: 

Analog: a. Standard r e s o l v e r  p a t c h i n g  as shown i n  F igure  2-13. 

Inputs  X ,  Y ,  0 and o u t p u t s  X 1  and Y 1 .  b.  

Log ic :  ROT t o  LT. 

The component c o n f i g u r a t i o n  i s  shown i n  F i g u r e  2-16. 
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ROTATION O F  A X I S  PATCHING 
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2.1.11.6 Resolver Rate Generator 

The r a t e  generator  i s  used f o r  continuous reso lu t i on  i n  the l R ,  2R, and 

r o t a t i o n  o f  ax is  modes. Inverse ( I N V )  mode opera t ion  i s  n o t  used w i t h  the 

r a t e  generator. 

Any f r e e  i n t e g r a t o r  can be used i n  the r a t e  mode. The mode c o n t r o l  and capac i to r  

s e l e c t  patch ing i s  s i m i l a r  t o  t h a t  f o r  o ther  i n teg ra to rs .  The SJ t o  OJ connection 

on the analog panel is n o t  made f o r  the s e l e c t i o n  i n t e g r a t o r .  Instead the OJ ho le  

i s  patched t o  the RJ ho le  i n  the reso lver  area. The B t o  B' patch i s  made; 

however, the i npu t  t o  the r a t e  generator i s  6, the r a t e  o f  change o f  theta.  The 

i n t e g r a t o r  output ,  0, i s  patched back i n t o  the ra te  generator.  The 0 outpu t  

is a l s o  used t o  feed the sine-cosine generator f o r  the se lec ted  modes. The 

con f igu ra t i on  i s  shown i n  F igure 2-17. 

On the l o g i c  panel ,  the des i red mode i s  patched t o  LT. LT i s  a l s o  patched t o  

the RATE ho le  t o  enable the r a t e  generator.  The RST ( rese t )  ho le  i s  patched 

t o  the same l o g i c  source d r i v i n g  the i n t e g r a t o r  I C  i npu t .  
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2.1.12 Free Components/Bridge L i m i t e r  

2.1.12.1 Free Components 

Some SS-100's have a d d i t i o n a l  lOOK and 1 megohm r e s i s t o r s  p r o v i d e d  on the  analog 

pa tch  panel  a t  var ious  p laces.  These can be used as e x t r a  i n p u t  o r  feedback 

r e s i s t o r s ,  v o l t a g e  d i v i d e r s  o r  f o r  o t h e r  r e q u i r e d  a p p l i c a t i o n s .  These 0.005% 

u n i t s  a r e  the  same as those used i n  the summing networks o f  the o p e r a t i o n a l  

a m p l i f i e r s .  Mounted i n  t h e  c a p a c i t o r  oven, they  a r e  very  temperature s t a b l e .  

The r e s i s t o r s  a r e  w i r e d  w i t h  coax; no  padding c a p a c i t o r s  a r e  used. Refer  t o  

F igure  2-18. 

2.1.12.2 Br idge L i m i t e r  

The b r i d g e  l i m i t e r  p rov ides  independent p o s i t i v e  and n e g a t i v e  l i m i t  l e v e l s .  

Both a r e  a d j u s t a b l e  over  the  0 t o  100 v o l t  range w i t h  p o t s  K1 and K2. These 

are  p r e c i s i o n  10- turn p o t s  w i t h  b u i l t - i n  c a l i b r a t e d  d i a l .  

The l i m i t e r  i s  s i m p l y  a b iased diode b r i d g e  as i l l u s t r a t e d  i n  F igure  2-18. 

I t  shou ld  be d r i v e n  f rom an a m p l i f i e r  and i t  may d r i v e  any o t h e r  component. 
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F R E E  COMPONENTS AND BRIDGE L IMITER PATCHINB 
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2.1.13 D-R Converter/Sample-Hold A m p l i f i e r  

2.1.13.1 D - R  Converter 

The D-R ( d i g i  t a l - t o - res i s tance )  conver ter  receives a 13-bi t p lus  s ign  2 ' s  

complement b ina ry  number from the d i g i t a l  computer through the i n t e r f a c e  and 

generates an analog vo l tage p ropor t i ona l  t o  the d i g i t a l  inpu t .  The ou tpu t  

appears a t  the D-R holes on the analog panel as i l l u s t r a t e d  i n  Figure 2-19. 

The D-R conver ter  i s  e s s e n t i a l l y  a potent iometer  whose vo l tage d i v i s i o n  r a t i o  

i s  s e t  d i g i t a l l y .  Both the l o w  and h igh  sides o f  the res is tance element are 

terminated a t  the analog panel and are marked LO and H I .  The po t  arm i s  the 

D-R ou tpu t .  

For standard d i g i t a l - t o - a n a l o g  conversion, the H I  and LO i npu ts  are patched 

t o  + lo0  and -100 v o l t  reference w i t h  b o t t l e  p lugs.  This  g ives an ou tpu t  

vo l tage range o f  + l o 0  v o l t s .  For d i g i t a l - t o - a n a l o g  m u l t i p l i c a t i o n ,  the analog 

s igna l  t o  be m u l t i p l i e d  by the d i g i t a l  value i s  patched i n t o  H I .  The LO inpu t  

i s  grounded. To m u l t i p l y  by a b i p o l a r  analog va r iab le ,  patch +X t o  H I  and -X t o  LO. 

2.1.13.2 Sample-Hold A m p l i f i e r  

The sample-hold (S /H)  a m p l i f i e r  i s  e s s e n t i a l l y  a two-mode i n t e g r a t o r  ( rese t  

and h o l d  o r  t rack  and s to re )  w i t h  100K/100K input/ feedback r e s i s t o r s  and a 

0.01 mfd h o l d  capac i to r .  High speed e l e c t r o n i c  switches p lace  the a m p l i f i e r  

i n  e i t h e r  mode under l o g i c  l e v e l  con t ro l .  

With the l o g i c  panel i npu t  ho le  LF ( l o g i c  0)  or a t  +5 v o l t s ,  the a m p l i f i e r  

i s  i n  t rack  mode, and the output  i s  s imply  an i nve r ted  vers ion  o f  the input .  

Refer t o  F'igure 2-19. However, making the l o g i c  i npu t  LT ( l o g i c  1) causes 

the a m p l i f i e r  t o  sw i tch  t o  the h o l d  mode. The s igna l  on the i npu t  a t  the 

time o f  sw i tch ing  from sample t o  h o l d  i s  s to red  by the capac i to r .  

I n  a d d i t i o n  t o  the i n d i v i d u a l  S/H c o n t r o l  inpu ts  on the l o g i c  panel ,  there 
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i s  a s i n g l e  master c o n t r o l  f o r  a l l  o f  the S/H a m p l i f i e r s .  I t  i s  wh i te  and 

labe led  S/HC. Refer t o  F igure  2-19. 

Not ice  tha t  the D-R ou tpu t  i s  d i r e c t l y  adjacent t o  the S/H inpu t .  Th is  

permi ts  a s imple b o t t l e  p lug  connect ion t o  implement a loop t e s t  o f  i n t e r f a c e  

when the S/H a m p l i f i e r s  are used ahead o f  the m u l t i p l e x o r  channels. 

2.1.14 Sample-Hold Ampl i f ie r /H igh  Speed I n t e g r a t o r  

This  u n i t  has a dual purpose. I t  can perform as e i t h e r  a sample-hold a m p l i f i e r  

o r  a high-speed two mode i n t e g r a t o r .  For S/H app l i ca t i on ,  use the I C  i npu t  and 

S/H output  as i l l u s t r a t e d  i n  F igure 2-20. For i n t e g r a t o r  use, one gain o f  10 

and gain o f  1 inputs  are prov ided as w e l l  as the  I C  inpu t .  A 0.001 mfd ho ld / ra te  

capac i to r  i s  used. 

For S/H operat ions the i n d i v i d u a l  l o g i c  i npu t  l i n e s  are used f o r  c o n t r o l  as 

f o l  lows: 

Logic  0 = +5 v o l t s  o r  open = sample ( t rack )  

Logic  1 = ground = h o l d  (s to re)  

For i n t e g r a t o r  operat ions the l o g i c  c o n t r o l  inpu ts  are:  

Logic  0 = +5 v o l t s  o r  open = I C  

Logic  1 = ground = operate 

The S/HC i npu t  on the l o g i c  panel con t ro l s  a l l  u n i t s  s imultaneously.  
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SAMPLE -HOLD A M P L I F I E R  / HIGH SPEED I N T E G R A T O R  PATCHING 
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2.1.15 Funct ion Swi tch/Funct ion Relay 

2.1.15.1 Func t ion  Swi tch 

p o l e  th ree-pos i  t i o n  t o g g l e  sw T h i s  i s  a s i n g l e  

t h e  analog s igna 

c e n t e r  p o s i t i o n ,  

I n  the  l e f t  o r  r 

t c h  t h a t  can be used t o  s w i t c h  

from one p l a c e  t o  another .  When t h e  s w i t c h  i s  i n  t h e  

t h e  arm a t  FS2 i s  connected t o  t h e  C h o l e  on t h e  patch panel .  

g h t  p o s i t i o n ,  t h e  arm i s  connected t o  ho les  L o r  R .  Refer  t o  

F i g u r e  2-21. The swi tches a r e  l o c a t e d  on the  c e n t e r  panel o f  t h e  SS-100 

console w i t h  t h e  hand s e t  p o t s  and a r e  w i r e d  t o  t h e  pa tch  panel w i t h  coax. 

2.1.15.1.1 Desk Func t ion  Swi tch 

I n  some vers ions  o f  the  SS-100, t h e  f u n c t i o n  swi tches a r e  l o c a t e d  remote ly  i n  the  

o p e r a t o r ' s  c o n t r o l  desk. To a v o i d  t h e  d e t r i m e n t a l  e f f e c t s  o f  long  cables,  the  

swi tches themselves c o n t r o l  r e l a y s  which a c t u a l l y  per form t h e  s w i t c h i n g  i n  the 

computer mainframe. The r e l a y  c o n t a c t s  a r e  connected as shown i n  F i g u r e  2-21 

and te rmina te  a t  t h e  analog pa tch  panel .  

The r e l a y s  a r e  SPDT mercury w e t t e d  u n i t s  t h a t  a r e  connected t o  produce a SPTT 

f u n c t i o n .  Each r e l a y  i s  ac tua ted  by a d r i v e r  c i r c u i t  t h a t  i s  c o n t r o l l e d  by 

the  SPTT desk s w i t c h .  Wi th  t h e  s w i t c h  i n  i t s  c e n t e r - o f f  p o s i t i o n ,  bo th  r e l a y s  

a r e  de-energized and r e s t  i n  t h e i r  normal ly  c losed p o s i t i o n  connect ing t h e  arm 

FS2 t o  the C ( c e n t e r )  ho le .  P l a c i n g  t h e  s w i t c h  i n  t h e  l e f t  p o s i t i o n  (up on t h i s  

drawing) causes K1 t o  be energ ized.  T h i s  connects t h e  arm FS2 t o  the  L ( l e f t )  

h o l e  through energ ized K1 and s t i l l  de-energized K2. Wi th  t h e  s w i t c h  i n  t h e  

r i g h t  p o s i t i o n  (shown down h e r e ) ,  r e l a y  K2 becomes actuated,  K1 i s  de-energized. 

T h i s  produces c o n t i n u i t y  between FS2 and R ( r i g h t )  h o l e .  

drop o u t  t i m e  i s  1.5 m i l l i s e c o n d s .  There i s  no  bounce. 

Relay p u l l - i n  and 

2.1.15.2 Func t ion  Relay 

The f u n c t i o n  r e l a y s  a r e  s i n g l e  p o l e  double throw ( form C ,  break b e f o r e  make) 

mercury wet ted  r e l a y s  t h a t  a r e  used t o  s w i t c h  analog s i g n a l  under l o g i c  c o n t r o l .  
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FUNCTION SWITCH AND FUNCTION RELAY PATCHING 

FUNCTION SWITCH : ANALOG PANEL 

LEFT 

- L  R -  
a .  
a .  
FS2 C 

ARM 

0 R G i T  

SINGLE POLE TRIPLE THROW -SPTT 

DESK FUNCTION SWITCH PANEL: 

ANALOG PANEL K l  
1 

--a e 
L 

t 2 4 V  
L R 

- - I '  
I 
I 
I 
I 

FS2  C 
--- 

I a 

1-5 FUNCTION RELAY 

I K 2  

F I G U R E  2-21 
2 - 4 3  



When the d i g i t a l  i npu t  a t  the l o g i c  panel i s  open o r  a +5 v o l t s ,  the r e l a y  i s  

a t  res t ,  and c o n t i n u i t y  e x i s t s  between the r e l a y  arm FR4 and the normally 

closed contact  (NC) as ind i ca ted  i n  Figure 2-21. When LT i s  app l ied  t o  the  

input ,  the re lay  p u l l s  i n  causing the  c u r c u i t  between the  arm and the  normal ly  

open contact  (NO) t o  close. The arm w i l l  remain i n  t h i s  p o s i t i o n  as long as 

LT i s  app l ied  t o  the  input .  

The r e l a y  switches i n  approximately 1.5 mil iseconds thus p e r m i t t i n g  l o g i c  

d r i v i n g  frequencies o f  up t o  about 500 Hz w i t h  r e l i a b i l i t y .  The mercury 

wetted contacts produce no bounce. 
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FUNCTION SWITCH AND FUNCTION RELAY PATCHING 

F U N C T I O N  R E L A Y :  

MERCURY W E T T E D  CONTACTS 
NO BOUNCE 

ANALOG PANEL 
NORMALLY 
CLOSED 

F R 4  I-?? SPDT 
APPROXIMATE P U L L  IN/RELEASE TIME = 1.5 MS 

LOGIC I N P U T :  a 
I l+LRMALLY 

+ 5 V  OR OPEN = NC (CONTACT CLOSED) 
GND (LT)  = NO (CONTACTS OPEN) 

I OPEN 
I 
I 

2 N 3 6 4 3  1 
1, - 003 004 005 - 

LOGIC PANEL 

F I G U R E  2-21 (CONT'D) 
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2.1.16 Comparator 

The comparator accepts two analog i n p u t  s i g n a l s  a t  ho les  a and b on t h e  analog 

panel .  I t  compares t h e  t w o  i n p u t s  and generates a l o g i c  o u t p u t  l e v e l  t h a t  

designates whether t h e  sum o f  t h e  i n p u t s  i s  e i t h e r  p o s i t i v e  o r  negat ive .  The 

r e l a t i o n s h i p s  below express t h e  o p e r a t i o n  o f  t h e  c i r c u i t .  

a + b > 0 then t h e  l o g i c  o u t p u t  EC = l o g i c  1 = ground 

a + b < 0 then t h e  l o g i c  o u t p u t  EC = l o g i c  0 = +5 v o l t s  

The comparator s e n s i t i v i t y  i s  normal ly  s e t  so t h a t  t h e  comparator swi tches 

when t h e  i n p u t  s i g n a l s  a r e  w i t h i n  10 m i l l i v o l t s  o f  one another .  The s w i t c h i n g  

t i m e  i s  l e s s  than 1 microsecond. 

The l a t c h  i n p u t  p e r m i t s  c o n t r o l  over  t h e  o u t p u t  l e v e l s .  W i t h  t h e  l a t c h  (L) 

i n p u t  open o r  a t  +5 v o l t s ,  t h e  l o g i c  o u t p u t  l e v e l s  s w i t c h  i n  accordance w i t h  

t h e  changes i n  t h e  analog i n p u t s .  B r i n g i n g  L t o  l o g i c  t r u e  locks  t h e  comparator 

o u t p u t s  i n  t h e i r  c u r r e n t  s t a t e  regard less  o f  i n p u t  changes. Releasing t h e  

l a t c h  w i l l  immediate ly  cause t h e  comparator o u t p u t  t o  remain as i s  or  t o  s w i t c h  

as determined by t h e  s t a t e  o f  t h e  i n p u t s  a t  t h e  t i m e  o f  re lease.  Refer  t o  

F i g u r e  2-22. 
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a t b  > o  
a t b <  o 

- - EC = LOGIC I =  GND 

- EC = LOGIC O =  t 5 V  

- 
- - 

L = LATCH 

L = LOGIC 0 = t 5 V  OR OPEN - COMPARATOR RESPONDS TO 
ANALOG INPUTS. 

L = LOGIC I = GND- COMPARATOR OUTPUT HOLDS LAST RESULT 
REGARDLESS OF INPUT CHANGES. 

FIGURE 2 -22  
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2.1.77 D i g i t a l - t o - A n a l o g  Swi tch 

The D-A s w i t c h  i s  a f i e l d  e f f e c t  t r a n s i s t o r  used as a s e r i e s  SPST s w i t c h  

w i t h  a p r e c i s i o n  r e s i s t o r  f o r  s w i t c h i n g  analog s i g n a l s  under l o g i c  c o n t r o l .  

I t  i s  designed t o  be connected t o  the  base o f  an o p e r a t i o n a l  a m p l i f i e r .  The 

o v e r a l l  impedance i s  l O O K  ohms, t h e r e f o r e ,  t h e  response i s  a ga in  o f  10 

i n p u t .  Refer  t o  F i g u r e  2-23. 

Wi th the l o g i c  panel  i n p u t  open or a t  +5 v o l t s ,  the  s w i t c h  i s  open. Patch ing  

LT t o  the  l o g i c  i n p u t  causes the  s w i t c h  t o  c l o s e .  Any s i g n a l  a t  the  i n p u t  

w i l l  be a p p l i e d  t o  t h e  base o f  the  a m p l i f i e r .  The s w i t c h i n g  speed i s  less  

than 1 microsecond. 

A s i n g l e  p o l e  double throw (SPDT) s w i t c h  i s  e a s i l y  made w i t h  two D-A swi tches.  

T h e i r  ou tpu ts  (D-A) a r e  t i e d  t o g e t h e r  a t  the base ( B ) ,  and t h e  two s i g n a l s  t o  

be swi tched i n t o  t h e  base a r e  a p p l i e d  t o  the  i n p u t s .  The l o g i c  i n p u t s  a r e  

then d r i v e n  from complementary sources so t h a t  when one s w i t c h  i s  on the  o t h e r  

i s  o f f .  
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Dl6 lTAL TO A N A L 0 0  SWITCH PATCHING 

INPUT 
8 

A- . 
ANALOG PANEL 

. 0.1 DA2 

r - 
100 K - 

FET SWITCH 

I 

001 002 003 
e a e  

4 LOGIC PANEL 

LOGIC INPUT 

L O G I C  INPUT : 
L O G I C  0 ( t 5 V  OR OPEN)-  SWITCH OPEN 
LOGIC I (GND) - SWITCH CLOSED 

FIGURE 2-23 
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2.2 LOGIC ELEMENTS 

The b a s i c  f u n c t i o n  o f  each pa tchab le  l o g i c  element i s  descr ibed i n  t h e  f o l l o w -  

tng paragraphs. However, t h e i r  a p p l i c a t i o n  i s  c e r t a i n l y  n o t  l i m i t e d  t o  o n l y  

those f u n c t i o n s  descr ibed here.  For example, t h e  qates may be used t o  form 

a d d i t i o n a l  s e t - r e s e t  f l i p - f l o p s .  T h i s  i s  done by p a t c h i n g  t h e  K o u t p u t s  o f  

two gates back i n t o  t h e  o p p o s i t e  i n p u t s  o f  these gates.  Another example i s  

t h e  a b i l i t y  t o  patch v i r t u a l l y  any type  o f  counter ,  r e g i s t e r  o r  d i v i d e r  w i t h  

t h e  JK f l i p - f l o p s .  Only t h e  most popu lar  and most o f t e n  used c o u n t e r / r e g i s t e r  

c o n f i g u r a t i o n s  a r e  prov ided,  b u t  any o t h e r  c o n f i g u r a t i o n  needed can be e a s i l y  

made. I t  i s  recommended t h a t  a good t e x t  on Boolean a lgebra,  l o g i c  des ign 

and a p p l i c a t i o n s  be read i n  o r d e r  t o  achieve maximum usefu lness from t h e  

pa tchab le  l o g i c  elements.  
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2.2.1 Integrator Mode and Time Scale Patching 

The rate and hold capacitors for the integrators can be selected on a sector 
or quadrant basis or individually. The sector basis is more convenient and 
saves patching effort. Each group of eight integrators is provided with a 
set of capacitor select holes as shown in Figure 2-24. Three holes are for 
selecting rate capacitors, and the other three select hold capacitors. The 
holes arelabeledwith time scale factors. These holes are patched to logic 
true (LT) to select the capacitors as designated in the following table. 
(A  1 megohm input resistor is assummed.) 

Capacitor Time Scale Patch to LT 

10.0 mfd 0.1 0.1 
1.0 1 0.1 E 10 

0.1 10 10 

0.01 100 0.1 E 10 3 

0,001 1,000 103 
0,0001 10,000 10 E lo3 

Several examples of rate and hold capacitor patching are i 1 lustrated in 
Figure 2-24. 

Integrator capacitors may also be selected on an individual basis. Each 
integrator is provided with a set o f  holes similar to those shown for sector 
or quadrant patching, and all patching rules are similar. Remember, individual 

quadrant selection. capacitor selection predominates over 

Integrator mode control can be accomp 
pushbuttons on the keyboard, a slaved 
through an interface. In addition, 1 

ished from the rep-op timer, the manual 
analog computer, or the digital computer 
ke time scale selection, the mode can 

be controlled on a sector/quadrant basis or individually. Mode control via 
the quadrant inputs is shown in Figure 2-24. The inputs are I ,  0 and H ,  and 
patching to these holes will control the eight integrators in the quadrant. 
The upper illustration shows the patching used for controllinq the integrators 
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INTEBRATOR MODE a TIME SCALE PATCHIN6 

LOGIC P A N E L  

LT $ O o o ~  

- 
QUADRANT CONTROL 

P A T C H  I NG E X A M P L E :  P 

MODE CONTROL V I A  M A N U A L  PUSHBUTTONS (OR T H E  DIG- 
I T A L  COMPUTER OR ANOTHER ANALOG COMPUTER IF T H E  
REMOTE MODE IS ENABLED). 

LOGIC P A N E L  

LT OM 

103 103 HM 
0 

II 

QUADRANT CONTROL 

PATCHING E X A M P L E :  
R A T E  CAPACITOR -.001 M F D  
H O L D  CAPACITOR - .01 M F D  

MODE C O N T R O L  V I A  R E P - O P  I N T E R V A L  TIMER. 

FIGURE 2-24 
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from the manual pushbuttons, the d i g i t a l  computer o r  a s lave computer. The 

Im,  Om, and Hm outputs  come from one of these th ree  sources. With t h i s  

con f igu ra t i on ,  the keyboard but tons w i l l  normal ly  be i n  c o n t r o l .  However, 

pushing the REMOTE MODE bu t ton  on the  operators  desk d isab les  the keyboard 

buttons and g ives c o n t r o l  t o  a remote ex te rna l  source. A 10-pos i t ion  (0-9) 

thumbwheel sw i tch  se lec ts  the  source. P o s i t i o n  0 designates the d i g i t a l  

computer wh i le ,  p o s i t i o n s  1-9 i n d i c a t e  c o n t r o l  from one o f  n ine  slaved 

analog computers. 

Mode c o n t r o l  from the rep-op t imer  i s  shown i n  the lower i l l u s t r a t i o n .  Timer 

O t ,  and Ht feed the  I ,  0, H inpu ts .  The a u x i l i a r y  t imer  outputs  
t ’  

outputs  I 

OA, H may a l s o  be used. A t o t a l  o f  t h ree  a u x i l i a r y  t imers  may be I A’ A 
provided; they are  labeled w i t h  subscr ip ts  A, B and C on l o g i c  panel. 

Each i n t e g r a t o r  has i t s  own separate I ,  0, H c o n t r o l  inpu ts  so t h a t  i n d i v i d u a l  

con t ro l  o f  mode can be obtained. A s  w i t h  capac i to r  se lec t i on ,  the i n d i v i d u a l  

inputs  ove r r i de  quadrant c o n t r o l .  

The patch ing i n s t r u c t i o n s  g iven here a re  f o r  convent ional  opera t ion .  However, 

keep i n  mind t h a t  there  i s  no reason why the  mode o r  capac i to r  s e l e c t i o n  

cannot be c o n t r o l  led from any o the r  l o g i c  source on the panel (gates, f l  ip -  

f l o p s ,  c o n t r o l  l i n e s ,  e t c . ) .  

2-55 



2.2.2 Gates 

The gates used i n  t h e  SS-100 l o g i c  system a r e  i n t e g r a t e d  c i r c u i t  DTL u n i t s  

w i t h  l o g i c  l e v e l s  o f  0 and +5 v o l t s .  There a r e  2, 4 and 6 i n p u t  u n i t s  a v a i l a b l e ,  

and bo th  t h e  normal and complement ( i n v e r t e d )  o u t p u t s  a r e  a v a i l a b l e .  Both i n p u t s  

( l a b e l e d  1,2, e t c . )  and o u t p u t s  (G l ,  G 1 ,  e t c . )  appear a t  t h e  l o g i c  panel .  
- 

W i t h  no  i n p u t s  o r  ou tpu ts  patched, t h e  o u t p u t  w i l l  be low and t h e  G 1  o u t p u t  

w i l l  be a t  +5 v o l t s .  The r e s u l t  w i l l  be t h e  same i f  bo th  i n p u t s  a r e  a t  +5 v o l t s .  

Wi th  t h i s  t y p e  o f  l o g i c  gate,  an open i n p u t  c i r c u i t  produces t h e  same r e s u l t  

as a +5 v o l t  i n p u t .  Grounding any one o r  more o f  t h e  i n p u t s  w i l l  cause t h e  

o u t p u t  t o  s w i t c h  t o  +5 v o l t s  and G 1  o u t p u t  t o  ground. The c i r c u i t  performs t h e  

p o s i t i v e  l o g i c  AND/NAND and n e g a t i v e  l o g i c  @R/NOR f u n c t i o n .  

The c i r c u i t s ,  symbols, and t r u t h  t a b l e s  i n  F i g u r e  2-25 d e f i n e  t h e  l o g i c  oper-  

a t i o n s  performed. Two i n p u t  gates a r e  shown, b u t  t h e  i n f o r m a t i o n  a l s o  a p p l i e s  

i n  p r i n c i p l e  t o  t h e  4 and 6 i n p u t  gates.  

The gates may a l s o  be used for  l o g i c  i n v e r s i o n .  Use any one gate i n p u t  and 

t h e  fi outpu t .  Leave t h e  o t h e r  i n p u t s  open. 

The g a t e  i n p u t s  represent  one u n i t  load, and each o u t p u t  can d r i v e  10 u n i t  loads. 
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BATES PATCHING 

# 

A B G B 
0 0 0 I 
0 I 0 I 
I 0 0 I 
I I I 0 

4 

NEGATIVE LOGIC: 
LOGIC 0=+5 VOLTS = H 
LOGIC I =  0 VOLTS = L 

T R U T H  T A B L E  

P O S I T I V E  LOGIC: 

LOGIC 0 = 0 VOLTS= L 
LOGIC I = + 5 V O L T S =  H 

AB (AND) 
1 

(NAND) 

~ 

FIGURE 2-25 
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2.2.3 F1 ip-Flops 

The patchable l o g i c  f l i p - f l o p s  may be used i n  two d i f f e r e n t  con f igura t ions ,  

as a JK/clocked f l i p - f l o p  o r  as a se t - rese t / l a t ch  f l i p - f l o p .  The same f l i p -  

f l o p s  are used f o r  both operat ions.  The JK mode i s  used when synchronous o r  

c locked operat ion s se lec ted  a t  the l o g i c  panel o r  by the ex terna l  c lock,  i f  

i n  Ex t  CLK mode. n t h i s  mode the f l i p - f l o p  i s  operated by the 1 MHz SS-100 

system clock.  The f l i p - f l o p s  operate as se t - rese t  u n i t s  o r  la tches i n  the 

asynchronous mode. The c i r c u i t s  and t r u t h  tab les  i n  F igure 2-26 de f ine  the 

operat ions i n  the two modes. 

I n  the JK mode w i t h  bo th  S and R ( J  and K) inpu ts  open or a t  +5 v o l t s ,  the 

f l i p - f l o p  w i l l  s imply toggle or  complement i t s e l f  a t  the se lec ted  c lock  ra te ,  

usua l l y  1 MHz. With the S ( o r  J) i npu t  a t  ground (LT) and the R (o r  K) 

i npu t  h igh  o r  open, the f l i p - f l o p  w i l l  reset  on the next c lock  pulse making 

ou tpu t  FF1 ground ( l o g i c  1 )  and m+5 v o l t s  ( l o g i c ) ) .  With the R i n p u t  

a t  ground and the S inpu t  open o r  h igh,  the f l i p - f l o p  w i l l  s e t  on the nex t  

c lock  pulse.  FF1 w i l l  be +5 v o l t s  ( l o g i c  0) and FF1 w i l l  be 0 v o l t s  ( l o g i c  1 ) .  

Making both inputs  S and R ground w i l l  cause f l i p - f l o p  t o  remain i n  i t s  cu r ren t  

s ta te .  The c lock  t r i g g e r  w i l l  have no e f f e c t .  

- 

I n  the JK t r u t h  tab le ,  J corresponds t o  S and K t o  R. The des 

represents the t ime pe r iod  be fore  the c lock  pulse,  and ( t  + 1 )  

p e r i o d  a f t e r  the nex t  c lock  pulse.  F F l  and F F l  are the f l i p - f  

dur ing  these time per iods.  Remember, negat ive l o g i c  i s  used. 

- 

gnat ion ( t )  

i s  the t ime 

op outputs  

I n  the asynchronous o r  non-clocked mode, the f l i p - f l o p s  a c t  as latches. A 

ground a t  S sets  the f l i p - f l o p  making FF1 0 v o l t s  and FF1 +5 v o l t s .  A ground 

a t  R resets the f l i p - f l o p ,  causing FF l  t o  be +5 v o l t s  and FF l  t o  be 0 v o l t s .  

With both inputs  open o r  h igh ,  the f l i p - f l o p  s imply  remains i n  i t s  cu r ren t  

s ta te .  An ambiguous cond i t i on  occurs when both inputs  are grounded. Here 

both outputs become 0 v o l t s .  Th is  cond i t i on  should be avoided. 

- 
- 
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FLIP-FLOPS PATCHING 

JK (SYNCHRONOUS) 

CLOCK RESET 

S FF I 

T R U T H  TABLE 

SET - RESET 
(ASYNCHRONOUS ) 

RESET 

NEGATIVE LOGIC : 

I L O G I C  0 = + 5 V O L T S  X = E I T H E R  1 OR 0 I 
L O G I C  I = 0 V O L T S  NC = NO CHANGE 

FIGURE 2-26 
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2.2.4 Counter/Reuister 

Each patchable l o g i c  coun te r / reg i s te r  i s  a 4 - b i t  u n i t  t h a t  can be used i n  a 

v a r i e t y  o f  modes. The holes B I N ,  BCD, SR a t  the  top o f  the  counter patch ing 

sector  on the l o g i c  panel as i l l u s t r a t e d  i n  F igure 2-27 a re  used t o  s e l e c t  the 

des i red operat ion.  With a l l  th ree  holes open, f l i p - f l o p s  a c t  as a s h i f t  

r e g i s t e r .  Instead, the  f l i p - f l o p s  are  f ree  and can be used i n d i v i d u a l l y  as 

des i red.  I n  add i t i on ,  the  f o u r  together  may be used as a p a r a l l e l  loaded 

storage r e g i s t e r .  The 4 - b i t  number t o  be s tored is entered a t  the  8421 PRESET 

inputs .  A +5 v o l t  t o  ground t r a n s i t i o n  a t  the LD ( load) ho le  w i l l  s t o r e  the 

input  number. 

Patching B I N  t o  LT causes the  counter t o  operate i n  the b ina ry  mode. I t  

counts up i n  negat ive  l o g i c ,  down i n  p o s i t i v e  l o g i c  w i t h  a 8421 format.  Patch- 

ing BCD t o  LT w i l l  produce BCD count ing i n  the same format.  To use the u n i t  

as a s h i f t  r e g i s t e r ,  patch S R  t o  LT. 

The r u l e s  given below apply  t o  us ing  the coun te r / reg i s te r  u n i t s .  

a .  When us ing  any o f  the coun te r / reg i s te r  modes, do no t  

patch t o  the  S and R inpu t  holes f o r  the  f l i p - f l o p s .  

b. The counters and r e g i s t e r s  a re  normal ly  used i n  the  

synchronous mode under system c lock  c o n t r o l .  Asynchronous 

opera t ion  o f  the counter modes i s  accomplished by t r i g g e r -  

ing a t  t he  T i npu t .  No asynchronous opera t ion  i n  the s h i f t  

r e g i s t e r  mode i s  permi t ted.  

c. To cascade the counters and r e g i s t e r ,  use the  Co and C i  

holes.  Simple patch the  Co o f  one t o  the C i  o f  the  next.  

d. The R inpu t  rese ts  a l l  f l i p - f l o p s  i n  any mode o f  opera t ion .  

A +5 volts t o  ground t r a n s i t i o n  rese ts .  

e. Negative l o g i c  i s  assumed. Logic  1 = 0 v o l t s ,  l o g i c  0 = +5 
v o l t s .  For example, i f  a f l i p - f l o p  i s  se t  o r  i s  s t o r i n g  a 

l o g i c  1 ,  i t s  F ou tpu t  i s  0 v o l t s  and i t s  F o u t p u t  i s  +5 v o l t s  

A t  the  preset  inputs ,  a l o g i c  1 i s  a 0 v o l t  l e v e l .  
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C O U N T E R /  R E G I S T E R  PATCHING 

COUNTER/REGISTER 
CONTROL I 

BIN-COUNTS UP IN BINARY 
(NEGATIVE LOGIC) 

BCD-COUNTS UP IN BCD 
(NEGATIVE LOGIC) 

SR -SHIFT R I G H T  SHIFT 
REG IST ER 

NO PATCHING: FLIP-FLOPS 
CAN BE USED INDIVIDUALLY 

NEGATIVE L O G I C  : 
L O G I C  I = GND 

L O G I C  O =  + 5 V  

NOTES: 

R (ASYNC ONLY) 

I I 
S F5 
a a  

a a  

a a  

a a  

- 
R F5 

S F6 

- 
R F 6  

S F7 

L 

S FB 
a a  

I 

a a  
1. WHEN OPERATING IN A COUNTER/REG[STER MODE, ALL 

S B  R INPUTS TO FLIP-FLOPS SHOULD BE UNPATCHED. 
THESE tNPUTS ARE TO BE USED ON THE INDtVtDUAL FLIP-  
FLOPS ONLY. 

C i  OFSECONO COUNTER, ETC. 

LOGIC UP COUNTER I S  A POSIT IVE L O G I C  DOWN COUNTER. 

2. TO CASCADE COUNTERS, PATCH Co OF FIRST COUNTER TO 

3. FOR DOWN COUNTING, USE POSITIVE L O G I C .  A NEGATIVE 

FIGURE 2 - 2 7  
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2.2.5 One Shot -- 

The one shot ,  a l s o  known as a monostable, a p u l s e r  o r  a s i n g l e  shot, is a 

p u l s e  generator  t h a t  produces pulses o f  s e l e c t a b l e  w id th .  Each t i m e  t h e  one 

shot receives a n e g a t i v e  going l e v e l  t r a n s i t i o n  (+5 v o l t s  t o  0) a p u l s e  w 

be generated. The ou tpu t  ampl i tude switches between O and +5 v o l t s .  The 

w i d t h  i s  c o n t i n u o u s l y  a d j u s t a b l e  over  t h e  1 microsecond t o  1 second range 

A seven-pos 

t u r n  p o t e n t  

The i n p u t  T 

OS1 and 

t i o n  s w i t c h  s e l e c t s  t h e  

ometer i s  used f o r  con t  

can be d r i v e n  from any 

coarse p u l s e  w i d t h  range, and a s ing1 

1 1  

- 
nuous r e s o l u t i o n .  Refer  t o  F i g u r e  2-28. 

l o g i c  source on t h e  pane l .  The o u t p u t s  

can d r i v e  10 u n i t  loads. I n  the  s t a b l e  s t a t e  b e f o r e  t r i g g e r i n g ,  
- 

t h e  O S 1  ou tpu t  i s  a t  +5 v o l t s  and O S 1  i s  a t  ground. When t r i g g e r e d ,  t h e  

c i r c u i t  generates a p u l s e  o f  t h e  s e l e c t e d  d u r a t i o n  where O S 1  i s  ground and 

O S 1  i s  a t  +5 v o l t s .  
- 

Care should be taken i n  us ing  t h e  one shot  to  ensure t h a t  t h e  du ty  c y c l e  

( t h e  r a t i o  o f  t h e  on t ime t o  t h e  p e r i o d  o f  t r i g g e r i n g )  i s  l e s s  than 608, 
o therw ise  e r r a t i c  o p e r a t i o n  may occur .  
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ONE SHOT PATCHING 

FINE PULSE 
WIDTH CONTROL 

WIDTH SELECTION 4 

T I  

I I I 

PULSE WIDTH RANGE ( T I :  1 MICROSECOND TO I SECOND 
DUTY CYCLE RANGE <SO O/o 

F IGURE 2 - 2 8  
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2.2.6 D i f f e r e n t i a t o r  

The d i f f e r e n t i a t o r  generates a f i x e d  w i d t h  p u l s e  and i t s  complement when 

t r i g g e r e d .  The p u l s e  w i d t h  i s  500 nanoseconds. T r i g g e r i n g  occurs on t h e  

t r a i  l i n g  edge o f  the  i n p u t  s i g n a l  a t  I N 1 .  The complementary ou tpu ts  appear 

a t  D l F l  and D l F 1 .  The i n p u t  represents  one u n i t  load  and the  ou tpu ts  can 

each d r i v e  10 u n i t  loads. Refer  t o  F i g u r e  2-29. 
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FIGURE 2-29 
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2.2.7 Log ic  Pushbutton and General Purpose I n d i c a t o r s  

2.2.7.1 Log ic  Pushbutton 

The l o g i c  pushbut ton i s  an e l e c t r o n i c  a l t e r n a t e  a c t i o n  t y p e  pushbut ton s w i t c h  

for  g e n e r a t i n g  l o g i c  l e v e l s  a t  t h e  panel  f o r  manual c o n t r o l  purposes. The 

l i g h t e d  pushbut ton swi tches i s  t h e  momentary c o n t a c t  type.  I t  i s  b u f f e r e d  

w i t h  a l a t c h  and used t o  t o g g l e  a JK f l i p - f l o p  whose o u t p u t s  appear a t  t h e  

l o q i c  panel .  Depressing t h e  b u t t o n  once t o q g l e s  t h e  f l i p - f l o p .  The o u t p u t s  

remain cons tan t  u n t i l  t h e  b u t t o n  i s  aga in  depressed. The f l i p - f l o p  t o g g l e s  

and t h e  complement o u t p u t s  appear. Each o u t p u t  can d r i v e  1 0 - u n i t  loads.  Refer  

t o  F i g u r e  2-30. 

2.2.7.2 General Purpose I n d i c a t o r s  

The genera l  purpose i n d i c a t o r s  a r e  pa tchab le  l i g h t  d r i v e r  c i r c u i t s  used f o r  

m o n i t o r i n g  s e l e c t e d  l o g i c  f u n c t i o n s .  W i th  t h e  inDut l i n e  a t  t h e  Datch panel  

open o r  a t  +5 v o l t s ,  t h e  l i g h t  i s  o f f .  Pa tch ing  t h e  i n p u t  t o  ground (LT) 

causes t h e  l i g h t  t o  t u r n  on. The i n p u t  rep resen ts  a one u n i t  load, and i t  can 

be d r i v e n  f rom any l o g i c  source on t h e  panel .  Refer t o  F i g u r e  2-30. 
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L O B I C  PUSHBUTTON S BENERAL PURPOSE INDICATOR PATCHINB 

LOGIC PUSHBUTTON 

/ J K  F L I P  FLOP .LOGIC 
MOM E N  TARY CONTACT 

I 
LOGIC PUSHBUTTON 

GENERAL PURPOSE INDICATOR 

r---- 7 

+24V 

1 I 
I I 
I I 

LOGIC 0 - i  
0 

- - 
ANY LOGIC INPUT 

NOTE: DOTTED L I N E  INDICATES LOGIC INDICATOR PANEL 

FIGURE 2-30 
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2.2.8 Preset  Thumbwhee 1 Sw i tches 

The p r e s e t  thumbwheel swi tches p r o v i d e  a convenient  means o f  genera t ing  4-bi t 

8421 b i n a r y  o r  BCD numbers a t  the l o g i c  panel .  The ou tpu ts ,  l a b e l e d  8, 4, 2, 1, 

can be used t o  p r e s e t  counters and r e g i s t e r s  and p r o v i d e  a convenient source 

o f  da ta  i n p u t  f o r  d i g i t a l  comparators o r  o t h e r  l o g i c  c i r c u i t s .  

The thumbwheels a r e  used t o  s e t  i n  t h e  decimal va lue  d e s i r e d ,  and t h e  e q u i v a l e n t  

b b i t  b i n a r y  code appears a t  the f o u r  o u t p u t  ho les .  The l o g i c  l e v e l s  a r e  0 v o l t s  

f o r  l o g i c  1 and +5 v o l t s  f o r  l o g i c  0. The o u t p u t  codes f o r  each thumbwheel 

s e t t i n g  are  shown i n  the  t a b l e  i n  F igure  2-31. Since f o u r  a r e  used, o n l y  decimal 

s e t t i n g s  o f  00 t o  15 a re  v a l i d .  
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PRESET THUMBWHEEL SWITCHES PATCH INO 

a .  
LOGIC PANEL 

THUMBWHEEL SW - FRONT VIEW 
(ONLY SETTINGS OF 00 TO 15 ARE VALID) 

4 -BIT DECIMAL-TO-BINARY TABLE 

THWH. 
SETTING 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

I O  
11 
12 
13 
14 
15 
(0 = 

- 
C 

8 
0 
0 
0 
0 
0 
0 
0 
0 
I 
I 
I 
I 
I 
I 
I 
I 

5 VOL 
- 

TPUT HOLE 
4 
0 
0 
0 
0 
I 
I 
I 
I 
0 
0 
0 
0 
I 
I 
I 
I 

- 

- 

2 
0 
0 
I 
I 
0 
0 
I 
I 
0 
0 
I 
I 
0 
0 
I 
I - 

S, 1 = GND) 

0 
I 
0 
I 
0 
I 
0 
I 
0 
I 
0 
I 
0 
I 
0 
I - 

APPLICATIONS: 
1. PRESETTING REGISTERS AND COUNTERS 
2. INPUT TO COMPARATORS 
3. MANUALLY ENTERING 4 BIT NUMBERS TO LOGIC CIRCUITS' 

FIGURE 2-31 
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APPENDIX A 

PATCH PANELS TERMINATION 

CODING AND FUNCTIONS 
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TABLE A-1  

ANALOG PATCH PANEL COLOR SCHEME 

B A S I C  COLOR DOTS FUNCT I ON 

1. 

2 .  

~ 

White 

Gray 

3 .  Red 

4. Orange 

5 .  Yel low 

6. B lue 

7. B lack  

8. Purp le  

9. Brown 

10. Green 

1 1 .  B lack 

12. Red 

13. P u r p l e  

14. Green 

15. Orange 

16. Blue 

17.  Brown 

18. Green 

19. Orange 

20. Yel low 

whi t e  

wh i t e  

wh i t e  

wh i t e  

wh i t e  

w h i t e  

wh i t e  

b l a c k  

b l a c k  

b l a c k  

summing j u n c t i o n s ,  
DR o u t p u t s  

feedback c i r c u i t s ,  
decoup l ing  network,  
MDFG c o n t r o l ,  
1 og i c t r u n k s  

pu 1 se re fe rence,  
m u l t i p l i e r  o u t p u t s  

minus re fe rence,  
pass ive  elements 

i n p u t s  t o  ampl i f i e r s ,  
i n p u t s  t o  I C  

ampl i f  i e r  o u t p u t s  

computer ground 

f u n c t i o n  r e l a y  

D/A 

p o t s  

mu1 t 

mu1 t 
p i  us 

nputs ,  1 i m i t e r s  

p l e s  

p l e x o r  
swi tched re fe rence 

f u n c t i o n  s w i t c h  

D / R  h i g h  and low i n p u t s ,  
compa r a  t o r  i npu t s 

minus swi tched re fe rence,  
d i s p l  ay 

MDFG a m p l i f i e r  o u t p u t ,  
sample/hold o u t p u t  

n o n l i n e a r  i n p u t s  

d i r e c t  readout 

s e l e c t  readout 

EXT t r u n k s ,  
de lay  l i n e  i n p u t ,  
sample/hold i n p u t s  

recorders  

.. 

21. White b l a c k  
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TABLE A-2 

ANALOG PATCH PANEL TERMINATION C O D I N G  AND FUNCTIONS 

DESIGNATION COLOR FUNCTION 

H I  

N 

LO 

I N  (DVM) 

I N  (VM) 

X 

Y 

H I  

LO 

ECn (a,b) 

- 

1 9 3  

2 9 4  

NG 

RJn 

SEL (DVM) 

SEL (VM) 

Green High s i d e  o f  hand s e t  o r  servo s e t  po ts .  

Green A r m  o f  hand s e t  o r  servo s e t  po ts .  

Low s i d e  o f  hand s e t  po ts .  Green 

Green w i t h  
b l a c k  d o t s  

I n p u t  t o  DVM through un load ing  
a m p l i f i e r  when i n  PP DVM mode. 

Green w i t h 
b l a c k  d o t s  

I n p u t  t o  f l u k e  t r a n s i s t o r  v o l t m e t e r  
when i n  PP TVM mode. 

Green w i t h  
b l a c k  do ts  

X i n p u t  t o  X-Y p l o t t e r .  

Green w i t h  
b l a c k  d o t s  

Y i n p u t  t o  X - Y  p l o t t e r .  

Green w i t h  
w h i t e  d o t s  

High s i d e  o f  DR c o n v e r t e r  r e s i s t a n c e  
e 1 emen t . 

Green w i t h  
w h i t e  do ts  

Low s i d e  o f  DR c o n v e r t e r  r e s i s t a n c e  
e l  emen t . 
Comparator inpu ts .  

-100 v o l t s  re fe rence.  

Pass ve element l O O K  ohm res 

Green w i t h  
w h i t e  do ts  

0 range 

Orange s t o r .  

0 range Passive element 1 megohm r e s i s t o r .  

Orange Noise genera tor  ou tpu t .  

Orange Output o f  r a t e  r e s o l v e r  network 
t o  SJ o f  an i n t e g r a t o r .  

Orange w i t h  
b l a c k  d o t s  

Master readout bus connected t o  
DVM i n p u t  i n  SEL DVM mode. 

Orange w i t h  
b l a c k  d o t s  

Master readout bus connected t o  
TVM i n p u t  i n  TVM SEL mode. 
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TABLE A-2 (Cont 'd)  

DESIGNATION COLOR FUNCT I ON 

a , b  

- 

D i sp 1 ay 
1 t h r u  10 

+ 

Mn 

+ 

TnO 

MXn 

D Rn 

SJ 

SN 

B 

B 
1 

OJ 

I J  

DAn 

Recorder 
1 t h r u  8 

0 range w i t h  
b l a c k  do ts  

Orange w i  t h  
w h i t e  do ts  

Orange w i t h  
w h i t e  do ts  

Red 

Red 

Red w i t h  
w h i t e  do ts  

Red w i t h  
w h i t e  do ts  

Red w i t h  
whi t e  do ts  

White 

White 

White 

Whi t e  

Whi t e  

White 

White 

White 

White w i t h  
b l a c k  do ts  

Outputs o f  X-Y p l o t t e r  used as a 
f u n c t i o n  generator .  

-100 v o l t s  s t a t i c  t e s t  re ference.  

Inputs  t o  CRT and memory scope 
d i sp 1 ays . 
+ l o 0  v o l t s  re ference.  

Mu1 t i p 1  i e r  o u t p u t .  

+lo0  v o l t s  s t a t i c  t e s t  re ference.  

Delay l i n e  ou tpu t .  

M u l t i p l e x o r  inputs .  

DR c o n v e r t e r  o u t p u t .  

Summing j u n c t i o n  o f  i n p u t  network. 

Summing j u n c t i o n  o f  a u x i l i a r y  
netwo r k . 
Base i n p u t  o f  o p e r a t i o n a l  a m p l i f i e r .  

Common p o i n t  f o r  FET mode c o n t r o l  
swi tches.  Connects t o  B t o  form 
an i n t e g r a t o r .  

Operate j u n c t i o n .  J u n c t i o n  o f  r a t e  
c a p a c i t o r  and mode c o n t r o l  sw i tch .  

J u n c t i o n  of l O O K  i n i t i a l  c o n d i t i o n  
res i s t o r s .  

DA s w i t c h  o u t p u t  t o  SJ o f  op amp. 

S t r i p  c h a r t  recorder  inputs .  
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TABLE A-2 (Cont'd) 

DESIGNATION COLOR FUNCT I ON 

1 

10 

I C  

On 

Ye1 low 1 megohm inpu t  summing r e s i s t o r .  

l O O K  ohm inpu t  summing r e s i s t o r .  

I n i t i a l  c o n d i t i o n  input .  

Theta angle i npu t  t o  s ine-cos ine 
generator.  

Sample/hold a m p l i f i e r  inputs.  

Ye1 low 

Ye1 low 

Ye1 low 

SHn Yellow w i t h  
b lack  dots 

External  t runks.  EXT TRUNKS 
1 t h r u  100 

Yellow w i t h  
b lack  dots 

Ye1 low w i t h  
b lack  dots 

Delay l i n e  input .  I N  

On Ye1 low w i t h  
b l  ack dots  

F i r s t  d e r i v a t i v e  o f  t he ta  angle 
i n p u t  t o  s ine-cos ine generator.  

GND 

Xn 

8 1 ack S i gna 1 ground. 

Black w i t h  
wh i te  dots 

M u l t i p l e  o r  commoning connection. 

B 1  ue Outputs o f  opera t iona l  a m p l i f i e r s  
(summers, i n teg ra to rs ,  i n v e r t e r s ) .  

n 

- S  I Nn 

Fn 

Blue Sine output of s ine-cos i ne  generator .  

Blue w i t h  
wh i te  dots 

MDFG output .  

B lue w i t h  
whi t e  dots 

Sample/hold a m p l i f i e r  outputs .  SHn 

-COSn B 1  ue w i t h  
whi t e  dots 

Cosine ou tpu t  t o  s ine-cosine generator.  

Operat ional  a m p l i f i e r  output  used 
f o r  pa tch ing  a feedback r e s i s t o r .  

Gray n 
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TABLE A-2 (Cont'd) 

DESIGNATION COLOR FUNCT 1 ON 

F 

Mn 

Gray 

Gray 

Feedback resistor to op amp output. 

Multiplier output used for patching a 
feedback resistor. 

EXT Gray MDFG relay coil that frees output 
amp1 if iers from MDFG. 

COM Gray 

Gray 

+24 volts to energize MDFG relay. 

Trunks to logic panel. (Fused and 
voltage limited). 

Function junction. Output of FDFG 
network to base of an op amp. 

Logic Panel 
1 thru 8 

FJ Gray 

Fn Gray Stability network output for FDFG 
or multiplier feedback resistor. 

IC Trunks 
1 thru 100 

0.1 

LIM 1 ,  2 
IN 

0 

+x, 'X, + Y ,  - Y  

Gray with 
black dots 

Inter-console trunks. 

Brown DA switch lOOK input resistor. 

Limiter input. Brown 

Brown 

Brown with 
whi te d o t s  

Purple 

Purple 

Limiter output 

Mu1 tip1 ier or FDFG inputs. 

Arm of function relay. 

Normally closed contact of SPDT 
function relay. 

Normally open contact of SPDT 
function relay. 

FRn 

NC 

NO Purple 

Arm of function switch n. FS n Purple with 
white dots 

Purple with 
white dots 

Left, right and center poles o f  
SPTT function switch. 
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TABLE A-3 
LOGIC PATCH PANEL TERMINATION CODING AND FUNCTIONS 

DESIGNATION COLOR FUNCT I ON 

Tn 

I Nn 

RST 

RUN 

STOP 

Ye1 low 

Ye1 low 

Ye1 low 

Ye1 low 

Ye1 low 

Ye1 low 

1 ,  2, 3, 4, 5, 6 Yellow 

1, 2, 3, 4 Ye1 low 

Ye1 low 

Mode control inputs for individual 
integrators whose number appears at 
the top of the next two columns to  
the right. 

Eetween IM, OM, HM, and IT, OT, HT. 
This is the I ,  0, H control for the 
entire quadrant. 

Trigger input to one shots with pulse 
width controlled from one shot panel 
above logic patch panel; logic true 
initiates pulse. 

Trigger inputs to differentiators 
Logic true initiates output pulse. 

Input. Logic true resets all 
patchable flip-flops on digital 
patch panel when in sychronous mode. 

Input. Logic true allows all 
patchable flip-flops to run with 
clocked inputs in synchronous mode. 

Input. Logic true stops the clock 
to patchable flip-flops without 
resetting when operating in synchronous 
mode. 

Inputs to six input AND/OR gates. For 
low level inputs (logic true) the gate 
functions as an OR gate and for high level 
inputs as an AND gate. 

Inputs to four input AND/OR gates. For 
low level inputs the gate performs an 
OR function and for high level inputs, 
an AND function. 

Inputs to two input AND/OR gates. Low levels 
cause the gate to act as an OR gate, while, 
for high level signals, the gate performs 
an AND function. 
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TABLE A-3 (Cont'd) 

DESIGNATION COLOR FUNCT I ON 
~ 

T 

~ 

Ye1 low 

C i  Ye1 low 

R Ye1 low 
( t o  l e f t  o f  LD) 

s ,  R Ye1 low 

Ye1 low 
(n) 

G. P. IND 

1 - 16 

FR (n 

(n 
L 

TS 

EXT CLK 

LD 

Ye1 low 

Ye1 low 

Green 

Green 

Green 

1,  2 ,  4, 8 Green 

Toggle i n p u t  f o r  i n d i v i d u a l  c lock ing  
o f  the patchable f l i p - f l o p  i n  groups o f  
f ou r .  

Carry- in  i npu t  t o  coun te r / reg i s te r  f o r  a 
d i g i t a l  c a r r y  from another d i g i t a l  component. 

Reset inpu t .  Logic  t r u e  resets the  
f o u r  i n d i v i d u a l  f l i p - f l o p s  i n  the  column 
below the  patch po in t .  

Set and reset  inputs  t o  i n d i v i d u a l  f l i p -  
f l ops .  J and K i npu ts  when i n  the  
synch ronous mode. 

Input  t o  general purpose i n d i c a t o r  
lamps on desk i n d i c a t o r  panel f o r  
mon i to r ing  l o g i c  n o t  prov ided w i t h  
i nd i ca to rs .  

inputs  f o r  c o n t r o l  of func t i on  re lays,  
l o g i c  t r u e  prov ides a r e l a y  c losure.  

inpu t  f o r  s e t t i n g  comparator la tch .  
Logic t r u e  locks comparator i n  the  
e x i s t i n g  cond i t ion .  

Timer s t a r t .  Timer s t a r t s  on t r a n s i -  
t i o n  o f  l o g i c  i npu t  l e v e l  from t r u e  t o  
fa lse .  

Input  f o r  opera t ing  patchable f l i p - f l o p s  
from an ex te rna l  c lock.  

Load i n p u t  f o r  p r e s e t t i n g  the  patchable 
f l i p - f l o p  w i t h  the  inputs  patched i n  the  
preset  blocks.  Logic  t r u e  loads pre-  
se lec ted  b ina ry  va lue  i n t o  each patchable 
f l i p - f l o p  i n  the  same column. 

Binary inputs  f o r  p r e s e t t i n g  the f l i p -  
f l o p  i n  each respec t ive  column. Value 
i s  loaded on ly  when LD i s  a t  l o g i c  t r u e  
l e v e l .  
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TABLE A-3 (Cont'd) 

DESIGNATED COLOR FUNCT I ON 

AD 

DA 

PNCH, P R I N T  

ADV, REC 

00 1 -004 
DA(n) 101 - 1  04 

201 -204 
301 -304 

P S ,  RT, ST 

(n) 
Sampl e/Ho 1 d 
0-3 1 

Sense Lines 
0-15 

I n t e r r u p t s  
0-15 

3 .l, 10, 10 

ASYNC 

Green 

Green 

Green 

Green 

Green 

Green 

Green 

Green 

Green 

White 

White 

Input  t o  hyb r id  l inkage f o r  the 
ex te rna l  c o n t r o l  o f  the A-to-D conver te r .  

Input  t o  hyb r id  l inkage f o r  the 
ex te rna l  c o n t r o l  of the D-to-A conver ter .  

Logic  input  l i n e s  f o r  c o n t r o l l i n g  
the  s t a r t  and s top o f  ex te rna l  paper 
tape punch and p r i n t e r .  

S tar t /s top / record  c o n t r o l s  f o r  
ex te rna l  s t r i p  c h a r t  recorder .  

DA sw i t ch  l o g i c  c o n t r o l  inpu ts  
w i t h  no patch ing o r  l o g i c  f a l s e  
(+5 v o l t s )  ; the  DA swi tch  i s  open. 

Inputs  t o  se t  po t  se t ,  r a t e  t e s t ,  
remote modes from s t a t i c  t e s t ,  o r  

any l o g i c  s igna 

Input  f o r  i n d i v  
sample/hold amp 
puts  amp1 i f  i e r  

dual c o n t r o l  o f  the 
i f i e r s .  Logic  t r u e  
n hold.  

Input  l i n e s  t o  hyb r id  
i n d i c a t i o n  o f  analog 

Inputs  t o  i n t e r r u p t  1 
computer. 

l inkage f o r  
o g i c  cond i t i on .  

nes t o  d i g i t a l  

The two columns t o  the  immediate r i g h t  
o f  the  ye l l ow  mode c o n t r o l  inpu ts  which 
con ta in  the i n t e g r a t o r  number a t  the 
top. The l e f t  column o f  the p a i r  se lec ts  
the Rate capac i to r  value and the  r i g h t  
hand column se lec ts  the Hold capac i to r  
value. 

Patching t o  l o g i c  t r u e  a l lows the 
patchable f l i p - f l o p s  t o  operate i n  the 
asynchronous mode. 
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TABLE A-3  (Cont 'd )  

DESIGNATION COLOR FUNCT I ON 

B I N  

BCD 

S R  

Wh i t e  

Whi te  

Wh i t e  

S i gna 1 P.ane 1 Whi t e  
1-8 

D I G  I N  Whi te  

S/H C White 

M 001 -006 Whi te  
(n) 201-206 

30 1-306 
401 -403 
50 1-503 

Log ic  Trunks 
1-48 

l R ,  2R, ROT 
I N V ,  RATE, 
RST 

3 .l, 10, 10 

IM,  OM, HM 

Whi t e  

Whi te  

Whi te  

Brown 

Log ic  t r u e  patched t o  t h i s  p o i n t  
s e t s  t h e  s e l e c t e d  pa tchab le  f l i p - f l o p  
t o  opera te  i n  the  b i n a r y  counter  mode. 

Log ic  t r u e  e s t a b l i s h e s  t h e  s e l e c t e d  
pa tchab le  f l i p - f l o p s  t o  t h e  BCD counter  
mode. 

Patch ing l o g i c  t r u e  t o  SR s e t s  t h e  chosen 
pa tchab le  f l i p - f l o p s  t o  opera te  as a s h i f t  
reg i s t e r  . 
E i g h t  p r o t e c t e d  l i n e s  to / f rom t h e  analog 
patch pane l .  

Output d i g i t a l  c o n t r o l  f o r  S/H a m p l i f i e r s .  

I n p u t  fo r  c o n t r o l l i n g  a l l  sample/hold 
a m p l i f i e r s  s imul taneously .  

I n p u t  for  t h e  c o n t r o l  o f  t h e  e l e c t r o n i c  
m u l t i p l i e r  o p e r a t i o n a l  mode. Log ic  t r u e  
causes a c a p a c i t o r  t o  be added across 
t h e  feedback r e s i s t o r  of  t h e  o u t p u t  a m p l i f -  
i e r  f o r  s t a b i l i t y .  Used o n l y  i n  t h e  
d i v i d e d  mode. 

Lines f o r  use w i t h  e x t e r n a l  equipment and 
a v a i l a b l e  on a connector  a t  t h e  r e a r  o f  t h e  
cons o 1 e. 

Inputs  f o r  s e t t i n g  t h e  o p e r a t i o n a l  
mode o f  t h e  r e s o l v e r s .  

Two columns t h a t  have 000, 100, 200, 300 
a t  t h e  top  a r e  used t o  s e l e c t  t h e  i n t e g r a t o r  
c a p a c i t o r s  i n  t h e  e n t i r e  quadrant.  

Outputs t h a t  can be remotely s e t  f rom t h e  
desk keyboard o r  t h e  d i g i t a l  computer t o  
c o n t r o l  t h e  i n t e g r a t o r  mode o f  o p e r a t i o n .  
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TABLE A-3 (Cont 'd)  

DESIGNATION COLOR FUNCT I ON 

PS 

RT 

ST 

REM 

RST M 

RUN M 

STOP M 

(n)  
G 

Brown 

Brown 

Brown 

Brown 

Brown 

B rown 

B rown 

Brown 

Brown 

Contro l  L ines Brown 
0-15 

Pot  s e t  ou tpu t .  Log ic  t r u e  i n d i c a t e s  
t h e  analog .is o p e r a t i n g  i n  t h e  p o t  s e t  
mode. 

Rate t e s t  o u t p u t .  Logic  t r u e  i n d i c a t e s  
t h e  analog i s  o p e r a t i n g  i n  t h e  r a t e  t e s t  
mode. 

S t a t i c  t e s t  o u t p u t .  Log ic  t r u e  i n d i c a t e s  
t h e  analog i s  o p e r a t i n g  i n  t h e  s t a t i c  
tes  t mode. 

Remote o u t p u t .  Logic  t r u e  i n d i c a t e s  the  
analog mode i s  be ing  c o n t r o l l e d  remotely.  

Output manual ly s e t  from desk keyboard 
f o r  r e s e t t i n g  pa tchab le  f l i p - f l o p s .  

Manual ly s e t  o u t p u t  t o  s t a r t  pa tchab le  
f l i p - f l o p s  o p e r a t i n g  i n  synchronous mode. 

Manual ly  s e t  o u t p u t  t o  s t o p  pa tchab le  
f l  i p - f l o p s  o p e r a t i n g  i n  synchronous mode. 

Output o f  a l o g i c  ga te  whose i n p u t s  
appear i n  t h e  y e l l o w  b locks  immediately 
t o  t h e  l e f t .  N i s  t h e  ga te  number des ig-  
n a t i o n ;  e.g., G 1 ,  G2, ... G12, e t c .  

B i n a r y  coded ou tpu ts  from thubmwheel 
swi tches l o c a t e d  on panel  above t h e  l o g i c  
p a t c h  panel .  The numbers 0 t h r u  15 may be 
s e t  manual ly w i t h  these swi tches:  SWA, SWB, 
SWC, and SWD. 

D i g i t a l  o u t p u t s  from t h e  h y b r i d  l i n k a g e  
fo r  analog l o g i c  c o n t r o l .  



TABLE A-3 (Cont 'd)  

DESIGNATION COLOR FUNCTION 

LOGIC PB Brown Output l o g i c  l eve l s  from l o g i c  pushbuttons 
located on desk panel. 

- 
IM,  OM, HM Brown w i t h  

wh i te  dots 
Complements o f  I M ,  OH, HM outputs.  

Brown w i t h  
wh i te  dots 

LOGIC PB B rown w i t h  
whi t e  dots 

Complement o f  gate output .  

Complementary output  from l o g i c  push- 
bu t  tons. 

LT Red Logic t r u e  f o r  pa tch ing  (ground). 

LF Red w i t h  Logic f a l s e  f o r  patch ing (+5 vdc). 
wh i te  dots 

I T ,  OT, HT Blue 

SET 

NULL 

os 1 -os2 

D1 F l - D l  F2 

OVLD 

0 
C 

Blue 

Blue 

Blue 

Blue 

Blue 

Blue 

Blue 

I n i t i a l  cond i t ion ,  operate,  hold outputs  
from the master t imer ,  which may be patched 
i n t o  the  i n d i v i d u a l  I C ,  operate, ho ld  o r  
quadrant i n i t i a l  cond i t ion ,  operate, hold. 

Set output .  Logic  t r u e  i nd i ca tes  the  
addressed servo se t  p o t  i s  se t .  

N u l l  output .  Logic t r u e  ind ica tes  the 
addressed servo se t  pu t  has no t  reached a 
n u l l  cond i t i on .  

Output o f  one shots 1 and 2. 

Output o f  d i f f e r e n t i a t o r s  1 and 2. 

Output from over load OR gate l o g i c  t r u e  
ind ica tes  a component i s  i n  over load 
cond i t i on .  

Carry ou t  ou tpu t  i s  f o r  a d i g i t a l  ca r ry  
from the b ina ry  o r  BCD counters. 

F1 i p - f l o p  F(n) output .  
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TABLE A-3 (Cont 'd)  

DESIGNATION COLOR FUNCTl ON 

Blue 

Blue 

I C ,  operate and ho ld  outputs  o f  a u x i l i a r y  
rep-op t imers A, B, and C. 

Output o f  e l e c t r o n i c  comparator whose inputs  
a re  on the analog patch panel. 

001 -004 
101-104 
201 -204 
301 -304 
401 -402 
501 -502 

Blue w i t h  
whi t e  dotms 

Complements o f  I T ,  OT, HT outputs .  

-- 
os 1 -os2 Complements o f  one shot output .  B lue w i t h  

wh i te  dots 

-- 
D1 Fl -D1 F2 Blue w i t h  

wh i te  dots 
Complements o f  d i f f e r e n t i a t o r  1 and 2 
outputs .  

B 1  ue w i t h  
wh i te  dots 

Complement o f  f l i p - f l o p  F output .  
(n) 

- - -  
' A ,  'A, HA Blue w i t h  

w h i t e  dots 
Complement outputs  o f  a u x i l i a r y  A, B, and C. 

Complement o f  comparator ou tpu t  (EC). B lue w i t h  
wh i te  dots 

1 M  Clock Clock ou tpu t  - 1 MHz c lock  r a t e .  Orange 

1M l O O K  10K 
1K 100 

0 range Clock outputs  1M = 1 MHz, l O O K  = 100 KHz, 
10K = 10 KHz, 1K = lKHz, 100 = 100 KHz 

CLK SW Orange Switched 1 MHz c lock  output .  Clock s igna l  
appears on ly  i n  the run l o g i c  mode. 

- 
CLK SW Complementary ou tpu t  o f  switched c lock  

func t ion .  
Orange w i t h  
wh i te  dots 



TABLE A-3 (Cont'd) 

DESIGNATION COLOR FUNCT I ON 

TK Clock White on Comp 
Orange Background 

(None) Black w i t h  Mu1 t 
w h i t e  l i n e s  i n t e r -  
connecting holes 

ement o f  1 MHZ clock output.  

p les  f o r  common connection fan out .  
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\i 1 .  INTRODUCTION 

The H y b r i d  Systems 1044 H y b r i d  Linkage U n i t  i s  a h i g h  performance con- 

v e r s i o n  and c o n t r o l  i n t e r f a c e  t h a t  connects t h e  I B M  System/360 Model 44 
and t h e  H y b r i d  Systems SS-100 t o  form an i n t e g r a t e d  h y b r i d  computer system. 

The 1044 a t taches  t o  t h e  Model 44 by t h e  High Speed M u l t i p l e x o r  Channel 

w i t h  t h r e e  subchannels, p r o v i d i n g  a m u l t i c h a n n e l  communication p a t h  

between t h e  Model 44 and up t o  s i x t e e n  analog consoles.  

Separate subchannels a r e  used t o  per fo rm a n a l o g / d i g i t a l  conversion, 

d i g i t a l / a n a l o g  convers ion,  and d i g i t a l  inpu t /ou tpu t .  Th is  a l l o w s  h i g h  

speed concur ren t  o p e r a t i o n  o f  t h e  f u n c t i o n s  o f  t h e  h y b r i d  system. For 

example, t h e  Model 44 c o u l d  be programmed t o  per fo rm a set-up o p e r a t i o n  

on one analog console w h i l e  a problem i s  be ing run on another  console.  

This ,  of  course, i s  dependent upon t h e  o p e r a t i n g  system as w e l l  as t h e  

n a t u r e  o f  t h e  problem be ing  run. 

The 1044 i s  programmed s i m i l a r  t o  a s tandard p e r i p h e r a l  dev ice  on t h e  

Model 44, w i t h  t h e  a d d i t i o n a l  c o n s i d e r a t i o n  t h a t  t h e  h y b r i d  system 

r e q u i r e s  q u i c k  response from t h e  d i g i t a l  computer. Therefore,  most 

1044 o p e r a t i o n s  w i l l  be t r e a t e d  as r e a l - t i m e  o p e r a t i o n s  by t h e  Model 44. 

The 1044 can be used t o  i n t e r f a c e  up t o  s i x t e e n  analog consoles. 

an o p e r a t i o n  i n v o l v i n g  t h e  t r a n s f e r  o f  da ta  o r  c o n t r o l  i n f o r m a t i o n ,  one 

console i s  addressed by t h e  Model 44. 
performed c o n c u r r e n t l y  on t h e  t h r e e  High Speed M u l t i p l e x o r  Subchannels 

a l l o w i n g  concur ren t  o p e r a t i o n s  w i t h  two analog computers. 

Dur ing 

More than one o p e r a t i o n  can be 

A n a l o g / D i g i t a l  Conversion 

The a n a l o g - t o - d i g i  t a l  c o n v e r t e r  i n  t h e  1044 i s  a high-speed, para1 l e 1  

conver te r  which accepts an al;alog i n p u t  s i g n a l  and conver ts  i t  t o  a 

d i g i t a l  va lue.  The d i g i t a l  v a l u e  i s  a b i n a r y  word which i s  p r o p o r t i o n a l  

t o  t h e  ampl i tude o f  t h e  i n p u t  s i g n a l .  The format  o f  t h e  da ta  i s  b i n a r y ,  

13 magnitude b i t s  and s i g n  b i t .  Negat ive numbers a r e  represented i n  two 's  

complement format. The c o n v e r t e r  o u t p u t  i s  s i g n  extended t o  a s i x t e e n  b i t  

ha1 f word. 
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There are three modes of converting analog signals in the 1044: Random, 
Sequential, and Direct. The Random and Sequential modes of conversion 
are used for converting the analog signals on the multiplexer inputs to 
the converter which are the problem variables. A Direct Read is a special 
mode of converting an analog signal connected directly to 
the analog-to-digital converter. This is used for readout 
in the analog computer. 

The analog-to-digital converter in the 1044 which has a bu 

he input of 
of components 

It in sample 
and hold amplifier, achieves high speed by using a high degree o f  parallel 
operation. The unit contains several sections of level detectors which 
convert the analog signal. A special error correcting circuit compensates 
for errors due to uncertainties in detector threshold levels. The output 

of the level detectors is connected to the decode logic which translates 
the output voltage into a binary coded signal. The timing of the converter 
and the analog multiplexer are interlocked to assure receiving valid 
information. 

Digital/Analog Conversion - 
\ 

The 1044 i s  available with digital/analog converters and digital/resistance ; 

converters (also called digital/analog multipl iers). Both devices convert 
a binary word into an equivalent analog s gnal. 
converter also accepts a variable analog 
output the product of the digital and ana og variables. 

The digital/resistance 
nput signal and produces as an 

The first rank of a double .input register 
from a common 
rank; all reg 
output of the 
version signa 

There are two 

for each converter is loaded 
data bus. The second register is  loaded from the first 
sters can be updated simultaneously or individually. The 

converter i s  updated upon receiving the start of the con- 

modes of converting digital/analog signals in the 1044: 
Random and Sequential. These modes address individual converters rather 
than switching a signal to a common converter as with analog/digital 
conversion. 

2 
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2 .  ADDRESSING THE 1044 

The 1044 and the  assoc ia ted  access p a t h  i s  des ignated by an 1/0 address. 

The 1/0 address i s  a s i x t e e n - b i t  b i n a r y  number and c o n s i s t s  o f  two p a r t s :  

a channel address i n  t h e  e i g h t  h igh-order  b i t  p o s i t i o n s  and a dev ice  

address i n  t h e  e i g h t  low-order b i t  p o s i t i o n s .  T h i s  s e c t i o n  descr ibes  

t h e  address ing f o r  t h e  Model 44 High Speed M u l t i p l e x o r  Channel and i s  

d i f f e r e n t  f o r  o t h e r  machines. The channel-address f i e l d  p rov ides  f o r  

i d e n t i f y i n g  t h e  number and type o f  channel as descr ibed i n  t h e  System/36O 

P r i n c i p l e s  o f  Operat ion.  

analog console address. 

The dev ice  address i d e n t i f i e s  t h e  1044 and t h e  

On t h e  HSMPX channel, t h e  dev ice  address i d e n t i f i e s  t h e  subchannel as 

w e l l  as t h e  1044 and t h e  analog console address. Addresses w i t h  a zero 

i n  t h e  h igh-order  b i t  p o s i t i o n  o f  t h e  device-address f i e l d  i d e n t i f y  sub- 

channels t h a t  a r e  n o t  shared. 

The 1044' a l l o w s  t h e  subchannel t o  be used as a shared path;  i.e., one 

a d d i t i o n a l  c o n t r o l  u n i t  may be a t tached t o  t h e  subchannel. 

Input /ou tpu t  devices a c c e s s i b l e  through more than one channel have a 

d i s t i n c t  address f o r  each p a t h  o f  communication. T h i s  address i d e n t i f i e s  

t h e  channel, t h e  subchannel, and t h e  c o n t r o  

p e r t a i n s  t o  d i g i t a l  i n p u t / o u t p u t  opera t ions  

paragraphs. 

Addressing t h e  1044 under t h e  ~ y s t e m / 3 6 0  op 

by t h e  Request Cont ro l  Blocks,  U n i t  Cont ro l  

u n i t .  I n  t h e  1044, t h i s  

as descr ibed i n  t h e  f o l l o w i n g  

r a t i n g  system i s  accomplished 

Blocks,  and a l l  o t h e r  dev ice  

r o u t i n e s ,  i n  t h e  same manner as f o r  o t h e r  user  added dev ices.  

1/0 Address 

A w r i t e ,  read, c o n t r o l ,  o r  sense o p e r a t i o n  i s  i n i t i a t e d  by f i r s t  address- 

i n g  t h e  channel, subchannel, and dev ice  (1044). Th is  i s  performed by 

t h e  e x e c u t i o n  o-f t h e  SI0  i n s t r u c t i o n .  The address f i e l d  o f  the  S I 0  

i n s t r u c t i o n  i s  descr ibed below. 
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B i t  p o s i t i o n s  16-31 o f  t h e  sum formed by the  a d d i t i o n  o f  t h e  conten t  o f  

r e g i s t e r  B ,  and t h e  conten t  o f  t h e  D f i e l d  i d e n t i f y  t h e  channel, sub- 

channel, and 1/0 dev ice  t o  which t h e  i n s t r u c t i o n  a p p l i e s  (see System/360 

P r i n c i p l e s  o f  Opera t ion) .  

i 

Hybrid Systems. lno. 

Dur ing t h e  channel i n i t i a l  s e l e c t i o n  sequence, t h e  u n i t  address b y t e  i s  

p laced on Bus-Out and t h e  1044 i s  s i g n a l e d  t o  decode the 1/0 dev ice  

address. 

'H 

The e i g h t  low-order b i t s  o f  t h e  address f i e l d  s p e c i f y  t h e  subchannel and 

t h e  dev ice  address as f o l l o w s :  

B i t  0 1 2  3 4 5 6 7 
1 h h O x x x x  

Since t h e  1044 a l l o w s  t h e  channel t o  be shared, b i t  zero  should always 

be equal t o  "one" i d e n t i f y i n g  a shared-path c o n t r o l  u n i t .  B i t  3 i d e n t i f i e s  

t h e  c o n t r o l  u n i t  and must be zero  f o r  t h e  1044 address. B i t s  1 and 2 

s p e c i f y  t h e  subchannel and b i t s  4 through 7 the  analog console address. 

Sub c ha n ne 1 Add res s 

Two b i t s  of t h e  address b y t e  ( b i t s  1 and 2 )  i d e n t i f y  t h e  subchannel address. 

The 1044 uses t h r e e  subchannels f o r  t r a n s f e r  o f  i n f o r m a t i o n  between t h e  

analog and d i g i t a l  computers. The o p e r a t i o n s  o f  t h e  1044 a r e  addressed 

by subchannels as f o l l o w s :  

Subchannel A (address 00) i s  used t o  perform: 

1 .  Read a n a l o g / d i g i t a l  da ta  

2. W r i t e  analog m u l t i p l e x e r  address 

3. D i  r e c t  Read A/D 

f o r  Sequent ia l  mode A/D 

Subchannel B (address 01) i s  used t o  perform: 

1 .  W r i t e  analog m u l t i p l e x e r  addresses 
f o r  Random mode A/D 



2. D i g i t a l  i n p u t  (sense) 

3.  D i g i t a l  o u t p u t  ( c o n t r o l )  

Subchannel C (address 10) i s  used t o  perform: 

1. 

2. D i g i t a l  i n p u t  (sense) 

3. D i g i t a l  o u t p u t  ( c o n t r o l )  

W r i t e  d i g i t a l / a n a l o g  da ta  and address 
f o r  Random o r  Sequent ia l  mode 

Note t h a t  t h e  i n p u t / o u t p u t  o f  d i g i t a l  i n f o r m a t i o n  may be performed on 

e i t h e r  s'ubchannel B o r  C. Th is  a l l o w s  t h e  o p e r a t i o n  t o  be performed 

on t h e  subchannel w i t h  t h e  lowest a c t i v i t y  so t h e  o t h e r  subchannel may 

be per fo rming  another  o p e r a t i o n .  

Analog Console Address 

The low-order f o u r  b i t s  o f  t h e  u n i t  address b y t e  a r e  used t o  i d e n t i f y  

the  analog console.  Up t o  s i x t e e n  analog consoles may be addressed by 

t h e  u n i t  address by te .  

The console address remains unchanged i n  t h e  1044 u n t i l  i t  i s  mod i f ied  

by a new 1/0 i n s t r u c t i o n .  When a console i s  s e l e c t e d  by t h e  1044, a 

console s e l e c t  l i n e  i s  r a i s e d  which enables t h e  t r a n s f e r  o f  i n f o r m a t i o n  

t o  the  s e l e c t e d  console.  The c o n t r o l  o f  t h e  analog console i s  descr ibed 

i n  d e t a i l  i n  Sec t ion  9 .  

3. SYST 

The 

HALT 

o f  a 

~/360 1/0 INSTRUCTIONS 

044 i s  programmed by t h r e e  System/360 1/0 i n s t r u c t i o n s :  START l / O ,  

l / O ,  and TEST 1/0. Operat ion o f  t h e  1044 i s  i n i t i a t e d  by t h e  execut ion  

START 1/0 i n s t r u c t i o n  which references a Channel Address Word (CAW). 

The address i n  t h e  CAW references a Channel Command Word (CCW)  which con- 

t a i n s  t h e  command i s s u e d t o  t h e  1044. The Command b y t e  o f  t h e  CCW des ig-  

nates t h e  o p e r a t i o n  t o  be performed by t h e  1044. A d d i t i o n a l  i n f o r m a t i o n  

about t h e  o p e r a t i o n  i s  s p e c i f i e d  by t h e  b y t e  count and address f i e l d s  o f  

6 



t h e  CCW. Once t h e  o p e r a t i o n  i s  i n i t i a t e d ,  t h e  System/360 CPU i s  f r e e  t o  

perform o t h e r  tasks.  The 1044 permi ts  f u l l  use o f  t h e  f l a g  b i t s  o f  the  

CCW as descr ibed i n  t h e  System/360 P r i n c l p l e s  o f  Operat ion.  

The HALT 1/0 i n s t r u c t i o n  i s  used t o  a l l o w  the  CPU t o  t e r m i n a t e  an o p e r a t i o n  

i n  t h e  1044 p r i o r  t o  complet ion o f  the  I/O t r a n s f e r .  

when an e r r o r  c o n d i t i o n  o r  o t h e r  abnormal c o n d i t i o n  i s  detected.  The TEST 

1/0 i n s t r u c t i o n  i s  used t o  determine t h e  c o n d i t i o n  o f  t h e  1044 and t o  c l e a r  

pending i n t e r r u p t i o n  c o n d i t i o n s .  

Th is  would be used 

The 1044 recognizes four  System/360 1/0 Commands which a r e  des ignated i n  

the  Command b y t e  o f  t h e  CCW. The f o u r  commands are :  

READ 

WRITE 

SENSE 

CONTROL 

The f o l l o w i n g  sec t ions  descr ibe  t h e  o p e r a t i o n s  performed by t h e  1044 as 

a f u n c t i o n  of channel programming of  t h e  System/36O Model 44. 

S t a r t  I/O I n s t r u c t i o n  ( s I O )  

The CPU must be i n  t h e  s u p e r v i s o r  s t a t e  t o  execute a START 1/0 i n s t r u c t i o n .  

The SI0 i n s t r u c t i o n  can i n i t i a t e  a w r i t e ,  read, read backward, c o n t r o l ,  o r  

sense o p e r a t i o n .  The read backward command i s  n o t  recognized by t h e  1044 

as a v a l i d  command. The CCW des ignated by t h e  address i n  t h e  CAW s p e c i f i e s  

t h e  o p e r a t i o n  t o  be performed, t h e  main-storage area t o  be used, and the  

a c t i o n  t o  be taken when t h e  o p e r a t i o n  i s  completed. The 1/0 o p e r a t i o n  

s p e c i f i e d  by t h e  S I 0  i s  i n i t i a t e d  i f  t h e  addressed 1/0 dev ice  and sub- 

channel a r e  a v a i l a b l e ,  t h e  channel i s  a v a i l a b l e  o r  i s  i n  t h e  i n t e r r u p t i o n -  

pending s t a t e ,  and e r r o r s  o r  except iona l  c o n d i t i o n s  have n o t  been de- 

tec ted .  

Test 1/0 I n s t r u c t i o n  (TIO) 

The s t a t e  o f  t h e  addressed channel, subchannel, and dev ice  (1044) i s  

i n d i c a t e d  by s e t t i n g  t h e  c o n d i t i o n  code i n  t h e  PSW and, under c e r t a i n  

7 

fs Hybrid Systems, ha. 



c o n d i t i o n s ,  by s t o r i n g  t h e  CSW. Pending i n t e r r u p t i o n  c o n d i t i o n s  may be 

c lea red .  The i n s t r u c t i o n  TEST 1/0 i s  executed o n l y  when t h e  CPU i s  i n  

t h e  s u p e r v i s o r  s t a t e .  The TEST 1/0 i n s t r u c t i o n  p e r m i t s  t h e  program t o  

c l e a r  i n t e r r u p t i o n  c o n d i t i o n s  s e l e c t i v e l y  by 1/0 dev ice.  

-B 

H a l t  1/0 I n s t r u c t i o n  (H IO)  

Execut ion o f  t h e  c u r r e n t  1/0 o p e r a t i o n  a t  t h e  addressed 1/0 dev ice ,  sub- 

channel, o r  channel i s  t e rm ina ted .  The subsequent s t a t e  o f  t h e  subchannel 

depends on t h e  t y p e  o f  channel .  The HALT 1/0 i n s t r u c t i o n  i s  executed o n l y  

when t h e  CPU i s  i n  t h e  s u p e r v i s o r  s t a t e .  

HybriCd Systems,, In@= 

When t h e  channel i s  e i t h e r  ava i  

w i t h  t h e  subchannel e i t h e r  a v a i  

d e v i c e  t o  be s e l e c t e d  and t o  be 

t i o n ,  i f  any. I f  t h e  subchanne 

I f ,  on t h e  m u l t i p l e x o r  channel ,  

a b l e  o r  i n  t h e  i n t e r r u p t i o n - p e n d i n g  s t a t e ,  

a b l e  o r  work ing,  HI0 causes t h e  addressed 

s i g n a l e d  t o  t e r m i n a t e  t h e  c u r r e n t  opera- 

i s  a v a i l a b l e ,  i t s  s t a t e  i s  n o t  a f f e c t e d .  

t h e  subchannel i s  work ing,  da ta  t r a n s f e r  

i s  immediate ly  te rm ina ted ,  b u t  t h e  subchannel remains i n  t h e  work ing  s t a t e  

u n t i l  t h e  d e v i c e  p r o v i d e s  t h e  n e x t  s t a t u s  by te ,  whereupon t h e  subchannel 

i s  p laced  i n  t h e  i n t e r r u p t i o n - p e n d i n g  s t a t e .  

When HALT 1/0 is i s sued  t o  a channel o p e r a t i n g  i n  t h e  b u r s t  mode, da ta  

t r a n s f e r  f o r  t h e  b u r s t  o p e r a t i o n  i s  terminated,  and t h e  d e v i c e  per form- 

i ng  t h e  b u r s t  o p e r a t i o n  i s  immediately d isconnected f rom t h e  channel .  

The subchannel and 1/0 d e v i c e  address i n  t h e  i n s t r u c t i o n ,  i n  t h i s  case, 

i s  ignored.  

When an HI0 i n s t r u c t i o n  causes da ta  t r a n s f e r  t o  be te rm ina ted ,  t h e  1044 

remains u n a v a i l a b l e  u n t i l  t h e  da ta -hand l i ng  p o r t i o n  o f  t h e  o p e r a t i o n  i n  

t h e  c o n t r o l  u n i t  i s  terminated.  Te rm ina t ion  o f  t h e  d a t a - t r a n s f e r  p o r t i o n  

o f  t h e  o p e r a t i o n  i s  s i g n a l e d  by t h e  g e n e r a t i o n  o f  channel end and d e v i c e  

end. 



Execut ion o f  Input /Output  Commands 

The System/360 i n i t i a t e s  an 1/0 o p e r a t i o n  by t h e  e x e c u t i o n  of  an SI0 

i n s t r u c t i o n  which addresses t h e  channel ,  subchannel, and d e v i c e  and 

references t h e  Channel Address Word. The CAW s p e c i f i e s  t h e  address 

o f  t h e  f i r s t  CCW assoc ia ted  w i t h  t h e  START 1/0 i n s t r u c t i o n .  The 

p e r t i n e n t  i n f o r m a t i o n  t h e r e a f t e r  i s  s t o r e d  i n  t h e  subchannel, and t h e  

program i s  f r e e  t o  change t h e  CAW. 

\ 

k 

The CCW s p e c i f i e s  t h e  command t o  be executed by t h e  1044, t h e  s to rage  

area a s s o c i a t e d  w i t h  t h e  o p e r a t i o n ,  and t h e  a c t i o n  t o  be taken whenever 

t r a n s f e r  t o  o r  f rom t h e  area i s  completed. The f i r s t  C C W  i s  f e t c h e d  

d u r i n g  t h e  execu t ion  o f  t h e  S I O .  Each a d d i t i o n a l  C C W  i n  t h e  sequence 

i s  o b t a i n e d  when t h e  o p e r a t i o n  has progressed t o  t h e  p o i n t  where t h e  

a d d i t i o n a l  CCW i s  needed. 

The low-order  b y t e  o f  t h e  CCW, b i t s  0-7 s p e c i f y  t h e  o p e r a t i o n  t o  be pe r -  

formed by t h e  1044. The two low-order  b i t s  o r ,  when these b i t s  a r e  00, 

t h e  f o u r  low-order  b i t s  o f  t h e  command code i d e n t i f y  t h e  o p e r a t i o n  t o  

t h e  channel .  The remain ing b i t s  a r e  m o d i f i e r  b i t s  which i d e n t i f y  t h e  

o p e r a t i o n  t o  t h e  1044. 
/ 

The command code assignment f o r  t h e  v a l i d  1044 commands i s  l i s t e d  i n  t h e  

f o l l o w i n g  t a b l e .  The symbol M i d e n t i f i e s  a m o d i f i e r  b i t  which i s  e x p l a i n e d  

i n  S e c t i o n  4. 

CODE COMMAND 

MMMMO 100 Sense 

MMMMMMO 1 W r i t e  

MMMMMM 1 0 Read 

MMMPlMl11 Con t r o  1 

Whenever t h e  channel d e t e c t s  an i n v a l i d  command code, t h e  program check 

c o n d i t i o n  i s  generated. When t h e  1044 d e t e c t s  an i n v a l i d  command code, 

a U n i t  Check c o n d i t i o n  i s  generated, t h e  command i s  r e j e c t e d ,  and t h e  
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4. 

operation is terminated. The command reject bit of the unit sense byte I 

i is set. The command reject bit is reset by issuing a valid command other 
than TEST I / O ,  NOP or Sense. 

The use of the flag bits in the CCW is unrestricted by the 1044 except 
for the Suppress Length Indication (SLI). This flag bit must always be 
on or an incorrect length error will occur. The following table lists 
the valid 1044 commands and indicates which flags are defined for each 
command. The channel ignores the flags on all commands for which they 
a re not def i ned. 

FLAG - COMMAND 

Write CD CC SLI PC I 
Read CD CC SLI  SKIP PCI 
Con t ro 1 CD CC SLI PC 1 

Sense CD CC SLI SKIP PCI 

CD - Chain data 
CC - Chain command 
SLI - Suppress length indication 
SKIP - Skip 
PCI - Program-control led interruption 

The WRITE and READ commands are used to perform analog/digital and 
digital/analog operations. The SENSE and CONTROL commands are used 
to perform input/output of digital information. These commands are 
explained in detail in the following section on Command Structure and 
Execution. 

COMMAND STRUCTURE AND EXECUTION 

The channel command word (CCW) specifies the command to be executed, and 
for commands initiating 1/0 operations, it designates the storage area 
associated with the operation and the action to be taken whenever trans- 
fer to or from the area is completed. 

10 
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The READ and WRITE commands a r e  used t o  perform ana log /d ig i t a l  and 

d i g i t a l / a n a l o g  conversion o r  addressing o f  these u n i t s .  The SENSE 

and CONTROL commands a r e  used t o  per form the  input /ou tpu t  o f  d i g i t a l  

in format ion.  These operat ions a re  descr ibed i n  d e t a i l  i n  the  f o l l o w i n g  

pa rag raphs . 
Subchannel ODeration 

The HSMPX channel can be operated i n  two modes: bu rs t  mode and m u l t i p l e x  

mode. 

I n  the  m u l t i p l e x  mode, the  channel can concur ren t ly  sus ta in  one data- 

t r a n s f e r r i n g  1/0 opera t ion  per  subchannel, prov ided t h a t  the  aggregate 

r a t e  does no t  exceed the  channel capaci ty .  

I n  the  bu rs t  mode, the  HSMPX channel operates s i m i l a r  t o  a s e l e c t o r  

channel, which has o n l y  one subchannel. Only one device a t  a t ime 

communicates w i t h  the  CPU v i a  the  p a r t i c u l a r  channel, bu t  communication 

i s  a t  a h igher  maximum data r a t e  than i n  the  m u l t i p l e x  mode. 

The 1044 a l lows the programmer t o  determine the  mode o f  opera t ion  o f  

the  HSMPX channel by use o f  t he  m o d i f i e r  b i t  i n  t he  CCW command byte. 

The 1044 may f o r c e  b u r s t  mode under program contro l .  f o r  a h igh  speed 

data t r a n s f e r  opera t ion .  

Ana log /D ig i ta l  Conversion 

The 1044 may be programmed t o  perform four  modes o f  ana log /d ig i t a l  

conversion: Sequent ia l ,  Random, R e p e t i t i v e  and D i r e c t .  R e p e t i t i v e  

i s  a spec ia l  case o f  a Sequential Read. 

Sequent ia l  Read A/D 

Command by te  B i t  0 1 2  3 4 5 6 7 

1 1  



A Sequent ia l  Read A/D i s  performed on HSMPX subchannel A by the  f o l l o w i n g  

sequence o f  opera t ions .  

The analog m u l t i p l e x e r  (AMPX) addresses a r e  s e t  by a w r i t e  o p e r a t i o n  which 

loads t h e  S t a r t i n g  Address R e g i s t e r  and Ending Address Reg is te r .  These 

r e g i s t e r s  remain s e t  u n t i l  they a r e  m o d i f i e d  by another  w r i t e  address 

o p e r a t i o n .  

The Sequent ia l  Read can be i n i t i a t e d  i n  two ways. Command c h a i n i n g  can 

be used t o  c h a i n  t h e  Sequent ia l  Read command immediately a f t e r  t h e  W r i t e  

AMPX address command. Two SI0 i n s t r u c t i o n s  c o u l d  a l s o  be used t o  issue 

t h e  commands t o  t h e  1044. 

Once t h e  S t a r t i n g  Address R e g i s t e r  and t h e  Ending Address R e g i s t e r  have 

been s e t ,  i t  i s  n o t  necessary t o  r e i n i t i a l i z e  them on subsequent Sequent ia l  

Read opera t ions .  The Sequent ia l  Read can then be i n i t i a t e d  by one SI0 

i n s t r u c t i o n .  

D u r i n g  t h e  Sequent ia l  Read opera t ion ,  t h e  v a l u e  o f  t h e  S t a r t i n g  Address 

R e g i s t e r  i s  incremented i n  a counter  r e g i s t e r  a f t e r  each convers ion i s  

performed and i t  i s  then compared w i t h  t h e  v a l u e  o f  t h e  Ending Address 

Reg is te r .  .When t h e  counter  i s  equal t o  t h e  v a l u e  o f  t h e  Ending Address 

Reg is te r ,  i t  i s  r e s e t  to  t h e  i n i t i a l  v a l u e  o f  t h e  S t a r t i n g  Address 

R e g i s t e r .  The number o f  convers ions performed i s  determined by t h e  

b y t e  count i n  t h e  CCW. 

When a Sequent ia l  Read command i s  executed w i t h o u t  r e i n i t i a l i z i n g  t h e  

S t a r t i n g  and Ending Address Reg is te rs ,  t h e  o p e r a t i o n  w i l l  beg in  reading 

from t h e  AMPX channel which was addressed l a s t .  

Each t i m e  a convers ion i s  completed, t w o  by tes  o f  da ta  a r e  t r a n s m i t t e d  

t o  memory and t h e  C C W  b y t e  count i s  decremented by two. When t h e  b y t e  

count equals zero,  t h e  o p e r a t i o n  i s  terminated.  

12 
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Data Format 
i' 

The format of the data from the analog/digital converter is binary with 
negative numbers represented in two's complement format. The data is 
sign extended to a sixteen-bit half word, allowing use of half-word 

arithmetic instructions on the System/36O. 

Modifier Bits for Sequential Read A/D 

Three modifier bits in the Sequential Read command allow the programmer 
to specify additional options, as described below. 

Bit 0 - mode o f  subchannel operation 
Bit 2 - synchronization 
Bit 3 - sample/hold amplifier control 

Bit 0 - If bit zero equals "O", the HSMPX subchannel operates in multiplex 
mode. I f  bit zero equals "l", the HSMPX is forced to burst mode of opera- 

tion by the 1044. 

Bit 2 - If bit two equals "O", the analog/digital conversion rate is con- 
trolled by internal synchronization. If bit two equals "lit, the conversion 
rate is control led by external synchronization. 

> 

When internal synchronization is used, the conversion rate will be deter- 
mined by the channel transfer rate or the conversion rate of the analog/ 

digital converter, whichever is slower. 

External synchronization allows the analog/digital conversion rate to be 
synchronized to an external timing signal, usually from the analog computer. 

Bit 3 - If bit three equals "O", the digital computer has no control over 
the sample and hold amplifiers. If bit three equals "l", the digital com- 
puter can control the operation of the sample and hold amplifiers as 

described below. 
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Dur ing t h e  Sequent ia l  Read Operat ion,  each t ime t h e  address counter  i s  

advanced, i t  i s  compared w i t h  t h e  conten ts  o f  t h e  S t a r t i n g  Address 

R e g i s t e r  and t h e  Ending Address Reg is te r .  When a compare equal i s  

made w i t h  t h e  conten ts  o f  t h e  S t a r t i n g  Address Reg is te r ,  t h e  Sample 

and h o l d  a m p l i f i e r s  a r e  swi tched t o  "Hold" mode. They w i l l  remain 

i n  "Hold" u n t i l  a compare equal i s  made w i t h  t h e  conten ts  o f  t h e  Ending 

Address R e g i s t e r ,  when they  a r e  swi tched i n t o  "Track" mode. 

The programmer must cons ider  t h e  t r a c k i n g  speed o f  t h e  sample and h o l d  

a m p l i f i e r s  i n  de termin ing  t h e  convers ion r a t e  on a cont inuous Sequent ia l  

Read. 

s i g n a l  b e f o r e  s w i t c h i n g  i n t o  "Hold" mode, or  a t r a c k i n g  e r r o r  w i l l  occur.  

Adequate t i m e  must be a l lowed f o r  t h e  a m p l i f i e r s  t o  t r a c k  t h e  

The f o l l o w i n g  example shows t h e  CCW command by tes  t o  i n  

Read A/D on AMPX channels 0 through 15 w i t h  t h e  channel 

mode, i n t e r n a l  synchron iza t ion ,  and c o n t r o l  o f  t h e  samp 

f i e r s  f rom t h e  d i g i t a l  computer. 

t i a t e  a Sequent 

o p e r a t i n g  i n  bu 

e and h o l d  amp1 

F i r s t  CCW i n i t i a l i z e s  t h e  AMPX addresses ( b i t  5 equal t o  one s p e c i f i e s  

t h a t  t h e  da ta  t r a n s f e r r e d  a r e  AMPX addresses). 

a1 

s t  

Command b y t e  B i t  0 1 2 3 4 5 6 7  

The b y t e  count  f i e l d  o f  t h i s  CCW i s  equal t o  2, caus ing two bytes o f  

data t o  be t r a n s f e r r e d  f rom memory t o  t h e  1044 and s t o r e d  i n  t h e  S t a r t i n g  

Address R e g i s t e r  and t h e  Ending Address Reg is te r  o f  t h e  1044. 

Second CCW s t a r t s  t h e  Sequent ia l  Read A/D 

Command b y t e  B i t  0 1 2 3 4 5 6 7  

The b y t e  count f i e l d  o f  t h i s  CCW i s  equal t o  32 (16 analog m u l t i p l e x e r  

channels a t  two by tes  p e r  channel) .  

1 4  
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I 1 Random Read A/D 

Command b y t e  B i t  0 1 2 3 4 . 5 6 7  

I m 1 m m  o o 1 0 1  

A Random Read A/D i s  performed on HSMPX subchannels A and B. Subchannel 

B i s  used t o  t r a n s f e r  a l i s t  o f  AMPX channel addresses from memory t o  

t h e  1044; subchannel A i s  used t o  t r a n s f e r  t h e  da ta  f rom t h e  analog/ 

d i g i t a l  c o n v e r t e r  t o  memory. Th is  o p e r a t i o n  should always be performed 

w i t h  t h e  HSMPX channel o p e r a t i o n  i n  m u l t i p l e x  mode. Two S t a r t  1/0 

i n s t r u c t i o n s  a r e  executed by t h e  CPU t o  i n i t i a t e  t h i s  opera t ion .  E i t h e r  

subchannel may be issued t h e  S t a r t  1/0 f i r s t ;  however, t h e  da ta  convers ion 

w i l l  n o t  beg in  u n t i l  t h e  second S t a r t  1/0 i n s t r u c t i o n  i s  executed by t h e  

CPU. 

The AMPX addresses a r e  i n  t h e  low-order e i g h t  b i t s  o f  a h a l f  word. The 

b y t e  count o f  b o t h  CCW's f o r  t h i s  o p e r a t i o n  must be equal f o r  t h e  o p e r a t i o n  

t o  term i n a t e  p roper1 y .  

t o  t h e  AMPX 

address and 

The 1044 w i  

data which 

is complete 

channel A. 

2 

When t h e  S t a r t  1/0 i n s t r u c t i o n s  f o r  b o t h  subchannel A and B have been 

executed and t h e  c o r r e c t  CCW's issued t o  t h e  1044, t h e  Random Read A/D 

i s  i n i t i a t e d .  The f i r s t  AMPX address i s  t r a n s f e r r e d  over  subchannel B 

address c o n t r o l .  The AMPX w i l l  be s e t  t o  t h e  s p e c i f i e d  

t h e  a n a l o g / d i g i t a l  convers ion i n i t i a t e d .  

1 then request  t h e  channel t o  t r a n s m i t  two more bytes o f  

s t h e  n e x t  AMPX address. When t h e  a n a l o g / d i g i t a l  convers ion 

t h e  1044 t r a n s f e r s  two by tes  of  da ta  t o  memory v i a  sub- 

The address c o n t r o l  then s e t s  t h e  AMPX t o  t h e  nex t  address 

and requests  two more b y t e s  o f  data.  Each t i m e  a convers ion i s  performed, 

two by tes  o f  da ta  a r e  t r a n s f e r r e d  t o  memory and two by tes  o f  address a r e  

t r a n s f e r r e d  t o  t h e  1044. When t h e  b y t e  count i n  b o t h  CCW's i s  decremented 

t o  zero, t h e  o p e r a t i o n  i s  terminated.  

15 
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M o d i f i e r  B i t s  f o r  Random Read A/D 

The m o d i f i e r  b i t s  i n  the  CCW command by te  a l l ow  a d d i t i o n a l  con t ro l  

over the  opera t ion  as described below. 

B i t  0 - mode o f  subchannel opera t ion  

B i t  2 - synchronizat ion 

B i t  3 - sample/hold a m p l i f i e r  con t ro l  

B i t  0 - I f  b i t  zero i s  equal t o  "O", the  addressed HSMPX channel w i l l  

operate i n  m u l t i p l e x  mode. I f  b i t  zero i s  equal t o  "l", the addressed 

channel 4 s  forced t o  bu rs t  mode o f  operation. 

I n  order  f o r  t h i s  opera t ion  t o  func t i on  proper ly ,  t he  channel must be 

operated i n  m u l t i p l e x  mode, a l low ing  concurrent t r a n s f e r  o f  addresses 

and data v i a  the  subchannels. 

channel i s  being read, t h e  operat ion can be performed i n  bu rs t  mode. 

I f  on ly  a s i n g l e  analog m u l t i p l e x e r  

B i t  2 - I f  b i t  two i s  equal to "O", t he  ana log /d ig i t a l  conversion r a t e  

i s  c o n t r o l l e d  by i n t e r n a l  synchronization. I f  b i t  two i s  equal t o  " l " ,  
the  conversion r a t e  i s  c o n t r o l l e d  by ex terna l  synchronization. This  

con t ro l  i s  the  same f o r  Random Read as p rev ious l y  described f o r  a 

Sequential Read A/D. 

B i t  3 - I f  b i t  th ree  i s  equal t o  "O", the  d i g i t a l  has no con t ro l  over 

the  sample and ho ld  a m p l i f i e r s .  I f  b i t  th ree  equals "l", the d i g i t a l  

computer can con t ro l  t he  opera t ion  o f  the sample and ho ld  a m p l i f i e r s  

as described below. 

This  c o n t r o l  i s  s l i g h t l y  d i f f e r e n t  than described f o r  a Sequential Read, 

s ince  the re  i s  no S t a r t i n g  Address o r  Ending Address associated w i t h  the  

operat ion.  

The h a l f  word conta in ing  the  AMPX address determines the con t ro l  o f  the 

sample and ho ld  a m p l i f i e r s .  

and the  second by te  contains a comparison address. 

The f i r s t  by te  contains the AMPX address 

I f  these addresses 
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a r e  n o t  equal ,  t h e  sample and h o l d  a m p l i f i e r s  a r e  s e t  

I f  these addresses a r e  equal ,  t h e  sample and h o l d  amp 

t o  "TRACK" mode. 

I# llybrid Systems, lac. 

t o  "HOLD" mode. 

i f i e r s  a r e  s e t  

The f o l l o w i n g  example shows t h e  CCW command by tes  t o  n i t i a t e  a Random 

Read A/D on AMPX channels 1 ,  4, 9, and 13 ,  w i t h  t h e  channel o p e r a t i n g  

i n  m u l t i p l e x  mode, i n t e r n a l  s y n c h r o n i z a t i o n  and no c o n t r o l  o f  t h e  sample 

and h o l d  a m p l i f i e r s  f rom t h e  d i g i t a l  computer. 

F i r s t  CCW issues t h e  Random Read command t o  t h e  1044 v i a  subchannel A. 

Command b y t e  B i t  0 1 2 3 4 5 6 7  

The b y t e  count f i e l d  of t h i s  CCW i s  equal t o  8. 

Second CCW issues t h e  W r i t e  Random Address command t o  the  1044 v i a  

subchannel B ( b i t  5 equal t o  one s p e c i f i e s  t h a t  t h e  data t r a n s f e r r e d  

i s AMPX addresses). 

Command b y t e  B i t  0 1 2 3 4 5 6 7  

0 1 0 0 0 1 0 1  

The b y t e  count f i e l d  o f  t h i s  CCW i s  equal t o  8. 
h a l f  word conta ins  the AMPX address s p e c i f i e d :  1 ,  4, 9, and 13. The 

second b y t e  o f  each h a l f  word has no e f f e c t  i n  t h i s  example. 

The f i r s t  b y t e  o f  each 

R e p e t i t i v e  Read A/D 

Command b y t e  B i t  0 1 2 3 4 5 6 7  

A R e p e t i t i v e  Read A/D i s  performed on HSMPX subchannel A ,  t h e  same as 

a Sequent ia l  Read A/D. The command b y t e  is  t h e  same as f o r  a Sequent ia l  

17 



Read A/D. The Repetitive Read is performed by setting the Starting 
Address Register and Ending Address Register to the same address. The 

AMPX is then set to this address and does not change during the entire 
ope rat ion. 

The use of the modifier bits is the same as previously described for a 

Sequential Read except for sample and hold amplifier control. Sample 

and hold control from the digital computer should not be used for this 

operation. If the sample and hold amplifier is connected to the multi- 
plexer input, it shou 

D i rec t Read A/D - 

Command byte B 

d remain in the "TRACK" mode. 

t 0 1 2 3 4 5 6 7  

A Direct Read A/D is performed on HSMPX subchannel A. It is used to 

perform the readout of analog components in the analog computer and is 
executed concurrent with a Digital Output operation to address the de- 
s i red component. 

The Direct Read A/D causes a switch to connect an analog signal from 
the addressed analog console directly to the input to the analog/digital 

converter. There is  a high impedance buffer input amplifier on the 

input to the analog/digital converter to minimize loading error. 

The output of the addressed analog component i s  then converted and 

transmitted to memory. 

Modifier Bits for Direct Read A/D 

Bit 0 - mode of subchannel operation 
Bit 2 - not used 
Bit 3 - not used 

Bit 0 - This operation will normally be performed with the channel 
operating in multiplex mode. This will allow the analog component 

18 



addresses t o  be o u t p u t  on subchannel B o r  C and t h e  conver ted da ta  

word t o  be i n p u t  on subchannel A. 
'\ 

Th i s  o p e r a t i o n  w i l l  be performed under e x t e r n a l  s y n c h r o n i z a t i o n .  T h i s  

i s  r e q u i r e d  t o  a l l o w  t h e  address system i n  t h e  analog computer t i m e  t o  

address t h e  s p e c i f i e d  component and connect t h e  o u t p u t  t o  t h e  readout 

bus, which i s  connected t o  t h e  i n p u t  t o  t h e  a n a l o g / d i g i t a l  c o n v e r t e r .  

D i g i t a l / A n a l o g  Conversion 

The 1044 i s  o p t i o n a l l y  a v a i l a b l e  w i t h  d i g i t a l / a n a l o g  conver te rs  and 

d i g i t a l / r e s i s t a n c e  mu1 t i p 1  i e r s .  The programming o f  t h e  1044 i s  t h e  

same f o r  e i t h e r  t y p e  o f  dev ice.  

Three modes o f  d i g i t a l / a n a l o g  convers ion  can be performed by t h e  1044: 

Sequen t ia l ,  Random, and R e p e t i t i v e .  

Data Format 

The fo rma t  o f  t h e  da ta  f rom t h e  d i g i t a l  computer i s  b i n a r y  w i t h  n e g a t i v e  

numbers represented i n  t w o ' s  complement format .  The data i s  sen t  v i a  

t h e  HSMPX subchannel C as a s i x t e e n - b i t  h a l f  word. When t h e  da ta  i s  

t r a n s f e r r e d  t o  t h e  D/A i n p u t  b u f f e r  r e g i s t e r s ,  t h e  two h igh -o rde r  b i t s  

a r e  t runca ted .  

Sequent ia l  W r i t e  D/A 

Command b y t e  B i t  0 1 2  3 4 5 6 7 

A Sequen t ia l  W r i t e  D/A i s  performed i n  HSMPX subchannel C by t h e  f o l l o w -  

i n g  sequence o f  o p e r a t i o n s .  

The D/A address c o n t r o l  has an address coun te r  (ACTR) which f u n c t i o n s  

ve ry  s i m i l a r  t o  t h e  analog m u l t i p l e x e r  address ing f o r  A/D convers ion.  
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The D/A addresses a r e  s e t  by a w r i t e  o p e r a t i o n  which loads t h e  S t a r t i n g  

Address R e g i s t e r  and Ending Address Reg is te r .  T h e s e . r e g i s t e r s  remain 

s e t  u n t i l  they a r e  m o d i f i e d  by another  w r i t e  address opera t ion .  

The Sequent ia l  W r i t e  can be i n i t i a t e d  i n  two ways. Command c h a i n i n g  

can be used t o  c h a i n  t h e  Sequent ia l  W r i t e  command immediately f o l l o w i n g  

t h e  W r i t e  Address command. A l t e r n a t e l y ,  t w o  SI0 i n s t r u c t i o n s  can be 

used t o  i ssue these commands t o  t h e  1044. 

Once t h e  S t a r t i n g  Address Reg is te r  and t h e  Ending Address R e g i s t e r  

have been s e t ,  i t  i s  n o t  necessary t o  r e i n i t i a l i z e  them on subsequent 

Sequent ia l  W r i t e  opera t ions .  The Sequent ia l  W r i t e  can be i n i t i a t e d  

by one C C W  i n  t h i s  case. 

Dur ing t h e  Sequent ia l  W r i t e  o p e r a t i o n ,  t h e  v a l u e  o f  t h e  address counter  

i s  incremented a f t e r  each convers ion i s  performed and i t  i s  then com- 

pared w i t h  t h e  v a l u e  o f  t h e  Ending Address Reg is te r .  When t h e  address 

counter  (ACTR) i s  equal t o  t h e  v a l u e  o f  t h e  Ending Address Reg is te r ,  i t  

i s  r e s e t  t o  t h e  i n i t i a l  v a l u e  o f  the  S t a r t i n g  Address Reg is te r .  The 

number o f  convers ions performed i s  determined by t h e  b y t e  count i n  t h e  

ccw. 

When a Sequent ia l  W r i t e  command i s  executed w i t h o u t  r e i n i t i a l i z i n g  t h e  

S t a r t i n g  and Ending Address Reg is te rs ,  t h e  o p e r a t i o n  w i l l  begin w r i t i n g  

t o  t h e  channel which was addressed l a s t .  

Each t i m e  a convers ion i s  performed, two bytes o f  da ta  a r e  t r a n s f e r r e d  

from memory and t h e  C C W  b y t e  count i s  decremented by two. When t h e  

b y t e  count equals zero,  t h e  o p e r a t i o n  i s  terminated.  

M o d i f i e r  B i t s  f o r  Seauent ia l  W r i t e  D/A 

Ir 
i 

Three m o d i f i e r  b i t s  i n  t h e  Sequent ia l  W r i t e  command a l l o w  a d d i t i o n a l  

c o n t r o l  o p t i o n s  as descr ibed below. 
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Hybrid Systems, lno. 

B i t  0 - mode o f  subchannel o p e r a t i o n  

B i t  2 - s y n c h r o n i z a t i o n  

B i t  3 - double b u f f e r  c o n t r o l  

-Hi 

B i t  0 - I f  b i t  z e r o  equals  l L O " ,  t h e  HSMPX channel ope ra tes  i n  m u l t i p l e x  

mode. I f  b i t  ze ro  i s  equal t o  11111, t h e  HSMPX channel i s  f o r c e d  t o  b u r s t  

mode o f  o p e r a t i o n  by t h e  1044. 

B i t  2 - I f  b i t  two i s  equal  t o  " O " ,  t h e  d i g i t a l / a n a l o g  convers ion r a t e  

i s  c o n t r o l l e d  by i n t e r n a l  s y n c h r o n i z a t i o n .  I f  b i t  two i s  equal t o  "l", 

t h e  convers ion  r a t e  i s  c o n t r o l  l e d  by e x t e r n a l  s y n c h r o n i z a t i o n .  T h i s  

f e a t u r e  i s  t h e  same as p r e v i o u s l y  desc r ibed  f o r  a n a l o g / d i g i t a l  convers ion.  

B i t  3 - T h i s  m o d i f i e r  b i t  i s  used f o r  double b u f f e r  c o n t r o l  o f  t h e  

d i g i t a l / a n a l o g  c o n v e r t e r  i npu ts .  I f  b i t  t h r e e  i s  equal t o  " O " ,  no 

double b u f f e r i n g  occurs.  When a word i s  t r a n s f e r r e d  from t h e  d i g i t a l  

computer, i t  i s  f i r s t  s t o r e d  i n  t h e  i n p u t  b u f f e r  r e g i s t e r  o f  t h e  d i g i t a l /  

analog conver te r .  When no double b u f f e r  c o n t r o l  i s  used, t h e  da ta  a r e  

immediately t r a n s f e r r e d  from t h e  i n p u t  b u f f e r  r e g i s t e r  t o  the  convers ion  

c o n t r o l  r e g i s t e r  and t h e  convers ion i n i t i a t e d  on t h a t  c o n v e r t e r .  

I f  b i t  t h r e e  i s  equal t o  I'll', double b u f f e r i n g  occu rs  as f o l l o w s .  Dur ing  

the  Sequen t ia l  W r i t e  o p e r a t i o n ,  each t i m e  a convers ion  i s  performed, 

the  address coun te r  (ACTR) i s  incremented and compared w i t h  t h e  con ten ts  

o f  t h e  Ending Address R e g i s t e r .  When a compare equal i s  made w i t h  t h e  

con ten ts  o f  t h e  Ending Address R e g i s t e r ,  a jam t r a n s f e r  f rom t h e  i n p u t  

b u f f e r  r e g i s t e r  t o  t h e  convers ion  c o n t r o l  r e g i s t e r  occurs and t h e  con- 

v e r s i o n  i s  i n i t i a t e d  s imu l taneous ly  on a l l  channels.  

The f o l l o w i n g  example shows t h e  CCW command by tes  t o  i n i t i a t e  a Sequent ia l  

W r i t e  D/A on channels 0 through 20 w i t h  t h e  HSMPX channel o p e r a t i n g  i n  

b u r s t  mode, i n t e r n a l  s y n c h r o n i z a t i o n  and double b u f f e r i n g .  

F i r s t  C C W  i n i t i a l i z e s  t h e  ACTR addresses: 
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The b y t e  count f i e l d  o f  t h i s  CCW i s  equal  t o  2, caus ing two by tes  o f  

da ta  t o  be t r a n s f e r r e d  from memory t o  t h e  S t a r t i n g  Address R e g i s t e r  

and t h e  Ending Address R e g i s t e r .  B i t  5 equal one s p e c i f i e s  t h a t  t h e  

da ta  t r a n s f e r r e d  a r e  AMPX addresses. 

Second CCW s t a r t s  the  Sequent ia l  W r i t e  D/A: 

B i t  0 1 2 3 4 5 6 7  110011001] 
The b y t e  count  f i e l d  o f  t h i s  CCW i s  equal  t o  4,, caus ing convers ion 

o f  t h e  s p e c i f i e d  21 D/A channels. 

Random W r i t e  D/A 

Command b y t e  B i t  0 1 2 3 4 5 6 7  

A Random W r i t e  D/A is performed on HSMPX subchannel C .  The address 

f i e l d  of t h e  CCW i s  t h e  s t a r t i n g  address o f  a t a b l e  which conta ins  t h e  

D/A addresses and data.  The low o r d e r  b y t e  conta ins  the  D/A address 

and t h e  h igh-order  two by tes  c o n t a i n  the data,  as shown below. 

Word Format f o r  Random W r i t e  

0 7 8  15 16 31 
1 I I I ~ a t a  Compa r i son 
IAddress 1 Add res s 

T h i s  format  a l l o w s  t h e  in fo rmat ion  t o  be s t o r e d  i n  h a l f  word boundar ies 

t o  f a c i l i t a t e  h a l f  word a r i t h m e t i c  opera t ions .  The b y t e  count f i e l d  i s  

4n, where n i s  the  number o f  convers ions t o  be performed. 

b y t e  count is decremented t o  zero,  t h e  o p e r a t i o n  i s  terminated. 

When t h e  
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M o d i f i e r  B i t s  f o r  Random Wr i te  D/A 

Three m o d i f i e r  b i t s  i n  the  Random Wr i te  command a l l o w  a d d i t i o n a l  con- 

t r o l  op t ions ,  as descr ibed below. 

B i t  0 - mode o f  subchannel ope-ration 

B i t  2 - synchronizat ion 

B i t  3 - double b u f f e r  c o n t r o l  

B i t  0 - I f  b i t  zero i s  equal t o  "O", the  addressed HSMPX channel w i l l  

operate i n  m u l t i p l e x  mode. I f  b i t  zero i s  equal t o  "l", the channel 

i s  forced t o  b u r s t  mode o f  operat ion.  

B i t  2 - I f  b i t  two i s  equal t o  "O", the  d i g i t a l / a n a l o g  conversion r a t e  

i s  c o n t r o l l e d  by i n t e r n a l  synchronizat ion.  I f  b i t  two i s  equal t o  "l", 

the conversion r a t e  i s  c o n t r o l l e d  by ex terna l  synchronizat ion.  This  i s  

the same as p rev ious l y  descr ibed f o r  ana log /d ig i t a l  conversion. 

B i t  3 - This mod i f i e r  b i t  i s  used f o r  double b u f f e r  con t ro l .  I f  b i t  3 

i s  equal t o  "O", no double b u f f e r i n g  occurs. 

I f  b i t  th ree  i s  equal t o  "l", double b u f f e r i n g  occurs, as fo l lows.  

During the  Random W r i t e  operat ion,  the  h a l f  word conta in ing  the  D/A 

address determines the  double b u f f e r  c o n t r o l .  The format o f  t he  word 

i s  shown below. 

0 7 8  15 16 31 
1 I I I 1 /Comparison1 a a 

Address Address 

Note t h a t  dur ing t h i s  operat ion,  the second by te  i s  used f o r  the  com- 

par ison  address f o r  double b u f f e r  c o n t r o l  i n  the same way the Ending 

Address Regis ter  is used f o r  a Sequent ia l  Wri te.  When the  D/A address 

and the  comparison address are  equal, the jam t r a n s f e r  occurs and con- 

vers ion  i s  i n i t i a t e d .  
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The f o l l o w i n g  example shows t h e  CCW command b y t e  t o  i n i t i a t e  a Random 

W r i t e  D/A on d i g i t a l / a n a l o g  c o n v e r t e r  channels 2, 5, 10, and 1 1 ,  w i t h  

t h e  channel o p e r a t i n g  i n  b u r s t  mode, i n t e r n a l  synchron iza t ion ,  and 

double b u f f e r  c o n t r o l .  

10 

The CCW issues t h e  Random W r i t e  command t o  t h e  1044 v i a  subchannel C. 

0 D a t a  

B i t  0 1 2 3 4 5 6 7  

I 1 1  1 0  1 1  0 0 1  
I J 

The b y t e  count f i e l d  o f  t h e  C C W  i s  equal t o  16. 

t a b l e  i s  below. 

The format o f  t h e  data 

I l1 I l1 I D a t a  

B i t  0 7 8  15 16 31 

R e p e t i t i v e  W r i t e  D/A 

Command b y t e  B i t  0 1 2 3 4 5 6 7  

m O m m l O O 1  

A R e p e t i t i v e  W r i t e  D/A i s  performed on HSMPX subchannel C,  t h e  same as  

a Sequent ia l  W r i t e  D/A. The command b y t e  i s  t h e  same as  f o r  a Sequent ia l  

W r i t e  D/A. The R e p e t i t i v e  W r i t e  i s  performed by s e t t i n g  t h e  S t a r t i n g  

Address Reg is te r  and the  Ending Address R e g i s t e r  t o  t h e  same address. 

The ACTR i s  then s e t  t o  t h i s  address and does n o t  change d u r i n g  t h e  

e n t i r e  o p e r a t i o n .  
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The use of the modifier bits is the same as previously described for 
a Sequential Write except for the double buffer control. Since this 
operatior? is used to perform a high-speed update on a single D/A channel, 
the double buffer feature should not be used. 

Write Addresses 

The commands previously described for either Sequential Read A/D or 
Sequential Write D/A require that the appropriate address registers 
in the 1044 be loaded prior to initiating the operation. This can be 
accomplished by executing two S I 0  instructions or by command chaining 
to issue two CCW's by one SI0  instructlon. 

The command byte format to load the Starting Address Register and Ending 
Address Register is shown below. 

Load Starting Address Register and 
Ending Address Register for Analog Multiplexer 

Command byte Bit 0 1 2 3 4 5 6 7  

Load Starting Address Register and 
Ending Address Register for D/A Address Counter 

Command byte Bit 0 1 2 3 4 5 6 7  

Modifier bit zero will control the mode of operation of the HSMPX 
as previously explained. The remaining modifier bits are not used 
for t h i s opera t i on. 

Data Format 

The data format of the address to be sent to the address registers is 

binary. The Starting Address is right justified in the low-order byte, 
and the Ending Address in the high-order byte as shown below. 
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S t a r t i n g  Address 

D ia i  t a l  lnDut 

Ending Address 

A D i g i t a l  Input  opera t ion  i s  i n i t i a t e d  by a Sense command which se ts  up 

the subchannel t o  t r a n s f e r  data from the  1044 t o  main storage. 

opera t ion  may be performed on e i t h e r  HSMPX subchannel B o r  C.  

Th i s  

The data t rans fe r red  dur ing  t h i s  opera t ion  may come from several  d i f -  

f e r e n t  sources i d e n t i f i e d  by the  m o d i f i e r  b i t s  i n  the  CCW command byte. 

The devices which can be addressed by t h i s  command include: 

Command by te  B i t  0 1 2 3 4 5 6 7 
1044 Sense Byte 0 0 0 0 0 1 0 0  

Analog Computer Status 0 0 1 0 0 1 0 0  

Sense Lines 0 0 0 1 0 1 0 0  

Command by te  B i t  0 1 2 3 4 5 6 7  

m m m m O l O O  

The d i g i t a l  inpu t  opera t ion  i s  i n i t i a t e d  by execut ing an SI0 i n s t r u c t i o n  

which issues a CCW t o  e i t h e r  subchannel B o r  C. The command by te  o f  the 

CCW i s  recognized by the HSMPX a s  a SENSE command. The fou r  m o d i f i e r  

b i t s  i d e n t i f y  the opera t ion  t o  be performed by the 1044. The meaning 

of the  mod i f i e r  b i t s  i s  as fo l lows.  B i t  zero determine the mode o f  

opera t ion  o f  t he  subchannel as p rev ious l y  described. The remaining 

mod i f i e r  b i t s  i d e n t i f y  a command t o  read the Sense l i n e s  o r  the a'nalog 

computer s ta tus  as descr ibed i n  the  f o l l o w i n g  paragraphs. 

- 1044 Sense Byte 

Command by te  B i t  0 1 2 3 4 5 6 7  

0 0 0 0 0 1 0 0  
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in format ion prov ided i n  the Sense by te  descr ibes the cond i t i on  o f  the 

1044 and i s  more d e t a i l e d  than the  in fo rmat ion  prov ided i n  the s ta tus  

by te  descr ibed i n  Sect ion 6. 
Sense by te  w i l l  a l so  se t  the U n i t  Check b i t  i n  the  s ta tus  byte.  

Any c o n d i t i o n  which sets  a b i t  i n  the 

Wybrld Syrters, Inom 

Therefore, if the program detects  a U n i t  Check c o n d i t i o n  a t  the  com- 

p l e t i o n  of an opera t ion  on the  1044, the  sense by te  would usua l l y  be 

read t o  determine the  cause o f  t he  U n i t  Check. 

The meaning o f  the  b i t s  i n  the Sense by te  a re  as fo l l ows :  

B i t  Designat ion - 
0 Command Reject  

1 I n t e r v e n t i o n  Required 

2 Bus-Out Check ( P a r i t y  E r r o r )  

3 Not Used 

4 Not Used 

5 Not Used 

6 Not Used 

7 Not Used 

Sense Condit ions 

Command Reject ,  B i t  0 - This b i t  ind ica tes  t h a t  t he  1044 has received 

a command which i t  i s  no t  designed t o  execute. 

I n te rven t ion  Required, B i t  1 - This  b i t  i nd i ca tes  t h a t  the  l a s t  opera t ion  

could no t  be executed because of a c o n d i t i o n  r e q u i r i n g  some type of 

i n t e r v e n t i o n  a t  the  analog computer. I t  i s  turned on when the analog 

computer is  i n  the not-ready s ta te .  

Bus-Out Check ( P a r i t y  E r r o r ) ,  B i t  2 - This  b i t  ind ica tes  t h a t  t he  1044 

has received a data by te  o r  command code w i t h  i nco r rec t  p a r i t y .  I f  the 

Bus-Out Check occurred dur ing  w r i t i n g ,  i nco r rec t  data may have been sent 

t o  the  1044, bu t  the  opera t ion  i s  not  terminated. I f  the p a r i t y  e r r o r  

occurred on a command code, no opera t ion  i s  i n i t i a t e d .  

27 



Sense L ines 

Command b y t e  B i t  0 1 2 3 4 5 6 7  

0 0 0 1  0 1 0 0  

The 1044 can read da ta  up t o  128 Sense L ines i n  groups o f  16 1 ines.  

The b y t e  count  o f  t h e  CCW determines how many sense l i n e s  w i l l  be read. 

A b y t e  count o f  two w i l l  cause two bytes o f  da ta  t o  be t r a n s f e r r e d  t o  

memory w i t h  t h e  c o n d i t i o n  o f  t h e  f i r s t  group o f  s i x t e e n  sense l i n e s .  

A d d i t i o n a l  groups o f  sense l i n e s  a r e  read by i n c r e a s i n g  t h e  CCW b y t e  

count by two f o r  each a d d i t i o n a l  group o f  sense l i n e s .  

These sense l i n e s  a r e  used t o  read d i g i t a l  i n f o r m a t i o n  from t h e  d e v i c e  

t o  which they a r e  connected. T h i s  may be t h e  analog computer or  a 

spec ia l  hardware system. When they  a r e  connected t o  t h e  analog computer, 

t h e  sense l i n e s  a r e  te rmina ted  on t h e  l o g i c  p a t c h  panel (see Sect ion  9 ) .  

Analoq ComDuter S ta tus  

Command b y t e  B i t  0 1 2 3 4 5 6 7  

This  command i n p u t s  i n f o r m a t i o n  d e s c r i b i n g  the  s t a t u s  o f  t h e  analog 

compute'r. The meaning o f  t h e  analog computer s t a t u s  b y t e  i s  descr ibed 

i n  Sec t ion  9. 

D i a i t a l  OutDut 

A D i g i t a l  Output o p e r a t i o n  i s  i n i t i a t e d  by a Cont ro l  command, which se ts  

up the  HSMPX subchannel t o  t r a n s f e r  data f rom main s to rage t o  t h e  1044. 

Th is  o p e r a t i o n  may be performed on e i t h e r  HSMPX subchannel B o r  C. 

The da ta  t r a n s f e r r e d  d u r i n g  t h i s  o p e r a t i o n  may be rou ted  t o  severa l  

d i f f e r e n t  d e s t i n a t i o n s  i d e n t i f i e d  by t h e  m o d i f i e r  b i t s  i n  the  CCW 

command byte.  The devices which can be c o n t r o l l e d  a r e  determined by 

I 
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both the  1044 and the analog computer. 

below and the analog computer devices are  descr ibed i n  Sect ion 9. 
The 1044 devices are  descr ibed 

0 0 0 1  1 1  1 1  

Analog Address System 

Mode Cont r o l  

Timer 

Set At tenuators  

Contro l  L ines 

Control  Lines 

The 1044 can w r i t e  data f o r  up t o  128 Control  Lines i n  groups of 16 
l i n e s .  The by te  count o f  the  CCW determines how many con t ro l  l i n e s  

w i l l  be se t .  A by te  count o f  two w i l l  cause two bytes o f  data t o  be 

t rans fe r red  from memory t o  se t  the f i r s t  group o f  s i x teen  c o n t r o l  

l i n e s .  Add i t iona l  groups o f  con t ro l  l i n e s  are  s e t  by increas ing the 

CCW b y t e  count by two f o r  each a d d i t i o n a l  group o f  c o n t r o l  l i n e s .  

These con t ro l  l i n e s  a r e  used t o  send d i g i t a l  in format ion t o  the  device 

t o  which they a re  connected. 

spec ia l  hardware system. 

the  con t ro l  l i n e s  a r e  terminated on the  l o g i c  patch panel (see Sect ion 9 ) .  

Th is  may be t h e  analog computer o r  a 

When they a re  connected t o  the  analog computer, 

Analog Computer Control  Funct ions 

Analog Address System 

Command by te  B i t  0 1 2 3 4 5 6 7  

Mode Contro l  

Command by te  B i t  0 1 2 3 4 5 6 7  



Timer 

Command b y t e  

Set A t t e n u a t o r  

Command b y t e  

B i t  0 1 2  3 4 5 6 7 
0 0 1 0 0 1 1 1  

L J 

B i t  0 1 2 3 4 5 6 7  

0 0 1 0 1 1 1 1  
~ -~ 

The above c o n t r o l  f u n c t i o n s  a r e  descr ibed i n  Sec t ion  9. The data 

format  r e q u i r e d  by t h e  analog computer and the  response s i g n a l s  sent  

t o  the  1044 a r e  descr ibed i n  d e t a i l .  

5. INTERNAL PRIORITY OF THE 1044 

The 1044 a l l o w s  t h e  o p e r a t i o n  o f  t h e  u n i t s  i n  t h e  l i n k a g e  t o  opera te  i n  

t h e  m u l t i p l e x  mode except  when t h e  program f o r c e s  b u r s t  mode o r  when the  

opera t ions  r e q u i r e  t h e  use o f  the  same subchannel. 

Due t o  t h e  h i g h  speed of t h e  1044 and the  c a p a b i l i t y  o f  f u l l  duplex data 

t r a n s f e r ,  t h e  1044 opera t ions  a r e  assigned a p r i o r i t y .  Each subchannel 

has an equal p r i o r i t y  w i t h i n  t h e  1044, a l l o w i n g  t h e  subchannel s e r v i c e d  

l a s t  t o  be s e r v i c e d  before t h e  remaining subchannels. Th is  insures  t h a t  

a high-speed da ta  t r a n s f e r  on one subchannel w i l l  n o t  " l o c k  ou t "  t h e  

o t h e r  subchannels, when t h e  HSMPX is o p e r a t i n g  i n  t h e  m u l t i p l e x  mode. 

The programmer need n o t  be concerned w i t h  t h e  i n t e r n a l  p r i o r i t y  of t h e  

o p e r a t i o n s  o f  the 1044 as t h i s  is determined by t h e  c o n t r o l  l o g i c  o f  

t h e  1044. 

Programming for  Channel E f f i c i e n c y  

The 1044 commands descr ibed i n  t h e  preceding s e c t i o n  p r o v i d e  t h e  pro-  

grammer w i t h  t h e  a b i l i t y  t o  s e l e c t  t h e  mode o f  da ta  t r a n s f e r  on the  

HSMPX channel. The s e l e c t i o n  o f  t h e  proper  mode o f  da ta  t r a n s f e r  w i l l ,  

Wybril Systems, Inc. 
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i n  many cases, speed t h e  r a t e  o f  o p e r a t i o n  s i g n i f i c a n t l y .  The A/E con- 

v e r s i o n  r a t e  i s  a good example. I f  t h e  o p e r a t i o n  i s  performed w i t h  t h e  

channel i n  b u r s t  mode, t h e  convers ion r a t e  w i l l  be approx imate ly  115 KHz 

p e r  second. I f  t h e  o p e r a t i o n  i s  performed w i t h  t h e  channel i n  m u l t i p l e x  

mode and no o t h e r  1/0 opera t ions  a c t i v e ,  t h e  da ta  t r a n s f e r  r a t e  w i l l  be 

approx imate ly  90 KHz. I f  t h e  o p e r a t i o n  i s  performed w i t h  t h e  channel i n  

m u l t i p l e x  mode and o t h e r  1/0 a c t i v e  ( a l s o  i n  m u l t i p l e x  mode), t h e  A/D 

convers ion w i l l  be approx imate ly  45 KHz p e r  second. 

i t  can be seen how t h e  mode o f  da ta  t r a n s f e r  can a f f e c t  t h e  t r a n s f e r  r a t e .  

There a r e  a l s o  f u n c t i o n s  performed by t h e  1044 i n  which t h e  da ta  t r a n s f e r  

r a t e  is n o t  s u b s t a n t i a l l y  a f f e c t e d  by t h e  mode o f  channel opera t ion .  

These commands may be c a t e g o r i z e d  as d i g i t a l  data t r a n s f e r  t o  and from 

t h e  analog computer. The t i m i n g  c o n s i d e r a t i o n s  f o r  t h i s  t y p e  of opera- 

t i o n  l i m i t  the  da ta  t r a n s f e r  t o  f i x e d  r a t e s  which a r e  independent o f  t h e  

mode o f  channel da ta  t r a n s f e r .  These r a t e s  a r e  s lower  than c o u l d  be 

achieved w i t h o u t  t h e  c o n s t r a i n t s  p laced on them by t h e  analog. S ince 

a Burs t  Mode command comple te ly  t i e s  up t h e  HSMPX channel, i t  i s  recom- 

mended t h a t  a l l  D i g i t a l  Input ,  D i g i t a l  Output,  and D i r e c t  Read Operat ions 

be performed o n l y  i n  M u l t i p l e x  mode. 

From t h i s  example, 

TERMINATING SEQUENCE 

When t h e  o p e r a t i o n  o f  t h e  1044 i n i t i a t e d  by t h e  START 1/0 i n s t r u c t i o n  

i s  terminated,  t h e  channel and t h e  1044 generate s t a t u s  c o n d i t i o n s .  

These c o n d i t i o n s  can be brought  t o  t h e  a t t e n t i o n  o f  t h e  program by an 

a TEST I / O .  The s t a t u s  c o n d i t i o n s ,  a s  w e l l  as 

i n d i c a t i n g  t h s  e x t e n t  o f  t h e  o p e r a t i o n  sequence, 

ogram i n  t h e  f o r m  o f  a channel s t a t u s  word. 

1/0 i n t e r r u p t i o n  o r  by 

an address and a count 

a r e  presented t o  t h e  p 

The 1044 i s  a c c e s s i b l e  

s t a t u s  c o n d i t i o n s  a r e  

subchannel. 

f rom more than one subchannel; there fore ,  t h e  

n d i c a t e d  f o r  t h e  o p e r a t i o n  v i a  t h e  assoc ia ted  

31 

Hi Hybrid Systems, Uno. 



The channel s ta tus  word (CSW) provides t o  the  program the  s ta tus  o f  the 

1044 or t he  cond i t ions  under which an 1/0 opera t ion  has been terminated. 

The CSW i s  placed i n  main storage a t  l o c a t i o n  64 and i s  a v a i l a b l e  t o  the  

program u n t i l  the t ime the  next 1/0 i n t e r r u p t i o n  occurs o r  u n t i l  another 

1/0 i n s t r u c t i o n  causes i t s  content  t o  be replaced. 

B i t s  32-47 of  the  CSW i d e n t i f y  the cond i t ions  i n  the  1044 and the  channel 

t ha t  caused the s t o r i n g  o f  the CSW. The remaining f i e l d s  i n  the  CSW a r e  

descr ibed i n  the  System/360 P r i n c i p l e s  o f  Operation. 

1044 U n i t  Status Condit ions 

The s ta tus  cond i t ions  represented by t h e  1044 s ta tus  by te  a r e  as follows: 

B i t  

32 

33 
34 
35 

36 
37 
38 
39 

- Designat ion 

Not Used 

Not Used 

Not Used 

Busy 

Channel End 

Device End 

Un i t Check 

U n i t  Except ion 

Busy - 
Busy ind ica tes  t h a t  the  1044 cannot execute the  command because i t  i s  

execut ing a p rev ious l y  i n i t i a t e d  opera t ion  o r  because i t  conta ins a 

pending i n t e r r u p t i o n  cond i t ion .  

Device End 

Device end i s  caused by the completion o f  an 1/0 opera t ion  a t  t he  1044. 

The c o n d i t i o n  normal ly  i nd i ca tes  t h a t  t he  1044 has become a v a i l a b l e  f o r  

another operat ion.  Each 1/0 opera t ion  causes a dev ice end cond i t i on ,  
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and there  i s  on ly  one dev ice end t o  an operat ion.  The dev ice end i s  

not  generated when any programming o r  equipment ma l func t ion  i s  detected 

dur ing  i n i t i a t i o n  o f  t he  operat ion.  When command chain ing takes place, 

on l y  the dev ice end o f  the  l a s t  opera t ion  o f  the chain i s  made a v a i l a b l e  

t o  the program unless an unusual c o n d i t i o n  i s  detected dur ing  the  i n i t i a -  

t i o n  o f  a chained command, i n  which case t h e  chain i s  terminated w i thou t  

the dev ice end i n d i c a t i o n .  The device end cond i t i on  associated w i t h  an 

1/0 opera t ion  t o  the 1044 i s  generated simultaneously w i t h  the  channel 

end cond i t i on .  

:! 

Iybrld System, Ire. 

Channel End 

Channel end i s  caused by the  complet ion of the p o r t i o n  of  an 1/0 opera- 

t i o n  i n v o l v i n g  t rans fe r  of data o r  c o n t r o l  in fo rmat ion  between t h e  1/0 

has device and the channel. The cond i t i on  ind ica tes  t h a t  the 

become a v a i l a b l e  f o r  another operat ion.  

Un i t Check 

Un i t  check ind ica tes  t h a t  the  1044 has detected an unusua 

t h a t  i s  descr ibed by the  in format ion a v a i l a b l e  t o  a Sense 

on 

( 1  044 

Sense by te) .  

ment e r r o r  has been detected, t h a t  the  not  ready s t a t e  of the 1044 has 

a f f e c t e d  the  execut ion o f  the  command, o r  t h a t  an except ional  c o n d i t i o n  

has occurred. The u n i t  check b i t  provides a summary i n d i c a t i o n  of the 

cond i t ions  s p e c i f i e d  by sense data. 

the u n i t  check i n d i c a t i o n  &uses command chain ing t o  be suppressed. 

U n i t  check may i n d i c a t e  t h a t  a programming o r  an equip- 

Terminat ion o f  an opera t ion  w i t h  

channel 

cond i t 

command 

Un i t  Exception 

U n i t  except ion ind ica tes  t h a t  t he  1044 has been sent  a s 

analog computer i n d i c a t i n g  t h a t  an unusual c o n d i t i o n  has 

is  used t o  i n d i c a t e  t h a t  a n u l l  f a i l u r e  has occurred dur 

operat  ion. 
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The 1044 t r e a t s  the  U n i t  Exception as a cond i t i on  which precludes normal 

execut ion o f  the operat ion,  and the U n i t  except ion m o d i f i e r  i s  accom- 

panied by Channel End and Device End. 

-B 

The Un i t  Except ion causes command chain ing t o  be suppressed. 

Uybrll Systems, Dn6- 

7. TEST PANEL 

The 1044 Test Panel inc ludes switches and i n d i c a t o r s  t o  moni tor  t he  

opera t ion  o f  the u n i t  when i t  i s  connected t o  the Model 44 channel 

and manually t e s t  t he  opera t ion  o f  the 1044 f o r  p revent ive  maintenance 

purposes. The switches a re  intended f o r  use by maintenance personnel 

and should no t  be used by the programmer. 

The f o l l o w i n g  sec t i on  descr ibes the switches and ind i ca to rs  on the  1044 

Test Panel. 

R e g i s t e r  Moni tor  

The Regis ter  Moni tor  sw 

has the  f o l l o w i n g  p o s i t  

Dig 

An a 

An a 

I /o 

The swi tch  p o s i t i o n s  o f  

D i g i t a l  Out 

t c h  i s  an e i g h t - p o s i t i o n  r o t a r y  sw i tch  which 

ons : 

t a l  Out D i g i t a l  I n  

og out  Command 0 

og I n  Command 1 

Bu f fe r  Command 2 

the  Reg is te r  Moni tor  a re  as fo l lows:  

When the  Regis ter  Moni tor  sw i tch  i s  i n  the  DIGITAL OUT pos i t i on ,  the 

s ta tus  o f  the  16 -b i t  p a r a l l e l  bus t o  the  analog computer i n t e r f a c e  i s  

d isp layed i n  the BYTE 1 and BYTE 2 i nd i ca to rs  on the t e s t  panel. 

D i g i t a l  I n  

When the Regis ter  Moni tor  swi tch i s  i n  the DIGITAL I N  p o s i t i o n ,  the 

s ta tus  o f  the 16-b i t  p a r a l l e l  bus t o  the analog computer i n t e r f a c e  i s  

d isp layed i n  the BYTE 1 and BYTE 2 i nd i ca to rs  on the  t e s t  panel .  
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TEST PANEL 

Figure 2 
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Command 0 

When t h e  R e g i s t e r  M o n i t o r  s w i t c h  i s  i n  t h e  COMMAND 0 p o s i t i o n ,  t h e  

decoded command i n  t h e  command r e g i s t e r  assoc ia ted  w i t h  subchannel 0 

i s  d i s p l a y e d  i n  t h e  BYTE 1 and BYTE 2 i n d i c a t o r s .  

Command 1 

When t h e  R e g i s t e r  M o n i t o r  s w i t c h  i s  i n  t h e  COMMAND 1 p o s i t i o n ,  t h e  

decoded command i n  t h e  command r e g i s t e r  a s s o c i a t e d  w i t h  subchannel 1 

i s  d i s p l a y e d  i n  t h e  BYTE 1 and BYTE 2 i n d i c a t o r s .  

Command 2 

When t h e  R e g i s t e r  M o n i t o r  s w i t c h  i s  i n  t h e  COMMAND 2 p o s i t i o n ,  t h e  

decoded command i n  t h e  command r e g i s t e r  assoc ia ted  w i t h  subchannel 2 

i s  d i s p l a y e d  i n  t h e  BYTE 1 and BYTE 2 i n d i c a t o r s .  

Analog Out 

When t h e  R e g i s t e r  M o n i t o r  s w i t c h  i s  i n  t h e  ANALOG OUT p o s i t i o n ,  t h e  

con ten ts  o f  t h e  D/A S t a r t i n g  Address R e g i s t e r  a r e  d i s p l a y e d  i n  BYTE 1 

and t h e  c o n t e n t s ' o f  t h e  D/A Ending Address R e g i s t e r  a r e  d i s p l a y e d  i n  

BYTE 2. 

i 

E 

Analog I n  

When t h e  R e g i s t e r  M o n i t o r  s w i t c h  i s  i n  t h e  ANALOG I N  p o s i t i o n ,  t h e  

con ten ts  o f  t h e  A/D S t a r t i n g  Address R e g i s t e r  a r e  d i s p l a y e d  i n  BYTE 1 

and t h e  con ten ts  of t h e  A/D Ending Address R e g i s t e r  a r e  d i s p l a y e d  i n  

BYTE 2. 

l/O B u f f e r  

Wheh t h e  R e g i s t e r  M o n i t o r  s w i t c h  i s  i n  t h e  1/0 BUFFER p o s i t i o n ,  t h e  

con ten ts  o f  t h e  1/0 b u f f e r  r e g i s t e r  a r e  d i s p l a y e d  i n  t h e  BYTE 1 and 

BYTE 2 i n d i c a t o r s .  Dur ing an A/D o p e r a t i o n ,  t h i s  w i l l  d i s p l a y  t h e  
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‘I v a l u e  o f  t h e  l a s t  convers ion  on t h e  channel i n d i c a t e d  by t h e  S t a r t i n g  

Address Reg is te r .  Dur ing a D/A o p e r a t i o n ,  t h i s  w i l l  d i s p l a y  t h e  v a l u e  

o f  t h e  l a s t  convers ion on t h e  D/A c o n v e r t e r  i n d i c a t e d  by t h e  S t a r t i n g  

Address Reg is te r .  

Test/Operate 

This  i s  a t w o - p o s i t i o n  s w i t c h  t h a t  enables t h e  swi tches on t h e  t e s t  

panel .  When t h i s  s w i t c h  i s  i n  t h e  TEST p o s i t i o n ,  t h e  1044 i s  l o g i c a l  

d isconnected from t h e  channel and swi tches on t h e  t e s t  panel a r e  enab 

When t h i s  s w i t c h  i s  i n  t h e  OPERATE p o s i t i o n ,  t h e  swi tches on t h e  t e s t  

panel a r e  i n h i b i t e d .  The i n d i c a t o r s  remain a c t i v e  i n  e i t h e r  p o s i t i o n  

P a r i t y  D i s a b l e  

Y 

ed. 

Th is  s w i t c h  d i s a b l e s  t h e  p a r i t y  genera tor  c i r c u i t  i n  t h e  1044 and w i l l  

t u r n  on t h e  PARITY ERROR i n d i c a t o r .  

Stack 

1 T h i s  s w i t c h  w i l l  cause t h e  s e l e c t i o n  c o n t r o l  l o g i c  o f  t h e  1044 t o  generate 

a s tack  s t a t u s  c o n d i t i o n  f o r  t h e  Model 44 channel. 

Reset 

Th is  i s  a momhtary  s w i t c h  which w i l l  c l e a r  t h e  l o g i c  o f  t h e  1044 t o  a 

r e s e t  c o n d i t i o n .  When t h e  1044 i s  connected t o  t h e  Model 44, t h i s  i s  

accomplished by t h e  System Reset on t h e  Model 44. 

S t a r t  

Th is  i s  a momentary s w i t c h  which w i l l  cause t h e  1044 t o  opera te  fo r  a 

p e r i o d  determined by t h e  MODE CONTROL swi tch .  

-- 

s top  

Th is  i s  a momentary s w i t c h  which w i l l  h a l t  t h e  o p e r a t i o n  o f  t h e  1044. 
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Mode Cont ro l  

fs 

The Mode Contro l  s w i t c h  i s  a f o u r - p o s i t i o n  r o t a r y  s w i t c h  which has the  

f o l l o w i n g  p o s i t i o n s :  

Uybrid SysIenis, Ire. 
I I 

S i n g l e  Step S i n g l e  Cycle 

Manual Auto Cycle 

The s w i t c h  p o s i t i o n s  o f  t h e  MODE CONTROL s w i t c h  a r e  as f o l l o w s :  

S i n g l e  Cycle 

When t h e  MODE CONTROL s w i t c h  i s  i n  t h e  SINGLE CYCLE p o s i t i o n ,  p r e s s i n g  

the  START s w i t c h  w i l l  cause t h e  1044 t o  execute one s e l e c t i o n  sequence 

t o  complet ion.  

S i n g l e  Step 

When t h e  MODE CONTROL s w i t c h  i s  i n  the SINGLE STEP p o s i t i o n ,  p r e s s i n g  

t h e  START s w i t c h  w i l l  cause t h e  1044 t o  advance t o  t h e  nex t  l o g i c  s t a t e .  

This  i s  used t o  s t e p  through t h e  execut ion  o f  a s e l e c t i o n  sequence. 

Auto Cycle 

When the  MODE CONTROL s w i t c h  i s  i n  the  AUTO CYCLE p o s i t i o n ,  p ress ing  

t h e  START s w i t c h  w i l l  cause the  1044 t o  cont inuous ly  execute the  com- 

mand e n t e r e d  by t h e  COMMAND swi tches on t h e  t e s t  panel .  

Manua 1 

When t h e  MODE CONTROL s w i t c h  i s  i n  t h e  MANUAL p o s i t i o n ,  the  MANUAL TAG 

OUT CONTROL swi tches on t h e  t e s t  panel a r e  enabled and can be used t o  

manual ly s i m u l a t e  t h e  channel i n i t i a l  s e l e c t i o n  sequence and o p e r a t i o n .  

Manual Tag Out Cont ro l  

The Manual Tag Out Cont ro l  inc ludes  seven swi tches t o  manual ly per form 

t h e  channel tag l i n e  opera t ions .  The swi tches a r e  as f o l l o w s :  
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OPL-OUT 

SEL-OUT 

ADR-OUT 

CMD-OUT 

SRV-OUT 

SUP-OUT 

MTR- 0 UT 

Operat ional  Out 

S e l e c t  Out 

Address Out 

Command Out 

Serv ice  Out 

Suppress Out 

Meter ing  Out 

The f u n c t i o n  o f  each o f  these tag  l i n e s  i s  descr ibed i n  d e t a i l  i n  t h e  

IBM System/360 1/0 I n t e r f a c e  Channel t o  Contro l  U n i t  OEM1 manual. 

Tag Out M o n i t o r  

The Tag Out M o n i t o r  d i s p l a y s  t h e  s t a t u s  o f  t h e  t a g  l i n e s  which a r e  

manual ly c o n t r o l l e d  by t h e  corresponding tag  o u t  swi tches.  

tag  o u t  i n d i c a t o r s  a r e  t h e  same as above f o r  t h e  Manual Tag Out Cont ro l .  

.The seven 

Taa I n  M o n i t o r  

The Tag I n  M o n i t o r  d i s p l a y s  t h e  s t a t u s  o f  t h e  tag l i n e s  which present  

in fo rmat ion  from t h e  1044 t o  t h e  channel. The tag  i n  i n d i c a t o r s  a r e  

as f o l l o w s :  

OPL- I N Operat ional  I n  

SEL- I N  S e l e c t  I n 

ADR- I N Address I n  

STA- I N S ta tus  I n  

S R V -  I N S e r v i c e  I n  

REQ- I N Request I n 

MTR- I N Meter ing  I n  

Bus Out M o n i t o r  

These e i g h t  i n d i c a t o r s  d i s p l a y  t h e  i n f o r m a t i o n  be ing  t r a n s f e r r e d  t o  

t h e  1044 from t h e  channel. The p a r i t y  l i n e  i s  n o t  d isp layed.  
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Bus I n  M o n i t o r  

These e i g h t  i n d i c a t o r s  d i s p l a y  t h e  i n f o r m a t i o n  be ing  t r a n s f e r r e d  t o  t h e  

channel f rom t h e  1044. The p a r i t y  l i n e  i s  n o t  d i sp layed .  

By te  1 and By te  2 

The s i x t e e n  i n d i c a t o r s  d i s p l a y  t h e  i n f o r m a t i o n  be ing  t r a n s f e r r e d  f rom/to 

t h e  analog computer v i a  t h e  1 6 - b i t  b i d i r e c t i o n a l  bus connected t o  t h e  

1044. The i n f o r m a t i o n  d i s p l a y e d  i n  these i n d i c a t o r s  depends upon t h e  

s e t t i n g  o f  t h e  REGISTER MONITOR s w i t c h  as p r e v i o u s l y  descr ibed.  

Sel e c t  i on Con t ro l  

These f o u r  i n d i c a t o r s  d i s p l a y  t h e  s t a t u s  o f  t h e  s e l e c t i o n  c o n t r o l  l o g i c  

o f  t h e  1044. 

Data C o n t r o l  

These f o u r  i n d i c a t o r s  d i s p l a y  t h e  s t a t u s  of t h e  da ta  c o n t r o l  l o g i c  o f  

t h e  1044. 

Subchannel 

These t h r e e  i n d i c a t o r s  a r e  tu rned  on when t h e  corresponding High Speed 

M u l t i p l e x o r  Subchannel i s  busy. 

P a r i t y  E r r o r  

Th is  d i s p l a y  i s  t u rned  o n  when t h e  1044 d e t e c t s  da ta  w i t h  i n v a l i d  p a r i t y .  

Manual S e l e c t  Data 

The Manual S e l e c t  Data swi tches a r e  a group o f  32 swi tches which a r e  

used t o  manual ly  e n t e r  i n f o r m a t i o n  which would be sen t  t o  t h e  1044 from 

t h e  channel when t h e  u n i t  i s  i n  Operate mode. When t h e  1044 i s  i n  Test  

mode, these swi tches a r e  enabled. The swi tches a r e  grouped as f o l l o w s :  
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Address 

Command 

Data Byte 1 

Data By te  2 

'H. Wybril Systems, Ino- 

Address 

The Address switches a r e  used t o  manual ly e n t e r  t h e  address b y t e  which, 

i n  Operate mode, i s  sent  t o  t h e  1044 by the  S I 0  i n s t r u c t i o n .  

Command 

The Command swi tches a r e  u s e d ' t o  manual ly e n t e r  t h e  command t o  t h e  1044 

which, i n  Operate mode, i s  sent  f rom t h e  command b y t e  o f  the  CCW. 

Data By te  1 and Data By te  2 

These swi tches a r e  used t o  manual ly send two bytes o f  data t o  t h e  1044. 

8. PRIORITY INTERRUPTS 

The 1044 inc ludes  32 l i n e s  which a r e  connected t o  t h e  P r i o r i t y  I n t e r r u p t  

f e a t u r e  o f  the Model 44. There a r e  51 l i n e s  i n  t h e  e x t e r n a l  i n t e r f a c e  

o f  t h e  p r i o r i t y  i n t e r r u p t  f e a t u r e  as descr ibed i n  t h e  Data A c q u i s i t i o n  

Specia l  Features f o r  t h e  I B M  System/360 Model 44. 

A s i g n a l  on any o f  the  i n t e r r u p t i o n - r e q u e s t e d  l i n e s  i s  taken as a request  

f o r  a CPU i n t e r v e n t i o n  a t  t h e  i n d i c a t e d  l e v e l .  Several  requests may be 

pending a t  one t ime. 

u s u a l l y  te rmina ted  on t h e  l o g i c  p a t c h  panel  (see S e c t i o n  9).  None o f  t h e  

p r i o r i t y  i n t e r r u p t  l i n e s  a r e  r e q u i r e d  f o r  use by t h e  1044 i t s e l f .  

The l i n e s  from the  1044 t o  t h e  analog computer a r e  

i 

41 



P R I O R I T Y  

1 NTERRUPT 

FEATURE 

( I N  CPU) 

I n t e r r u p t i o n  Requested ( 3 2  Lines) 

I n t e r r u p t  Accepted (5 Lines) 

Timing Out 

Timing In 

> 

> 

Desc r ip t i on  I n  (8 Lines) 

Test Out (3  Lines) 
< 

Test I n t e r l o c k  
< 

6 NTERRUPT L I NES FOR P R I  OR I TY I NTERRUPT FEATURE 

F igure  3 

1044 

9. ANALOG COMPUTER INTERFACE 

The 1044 i s  i n te r faced  t o  the SS-100 by a con t ro l  i n t e r f a c e  which includes 

a l l  o f  the  s igna l  l i n e s  f o r  sending c o n t r o l  in fo rmat ion  t o  the analog com- 

puter .  The i n t e r f a c e  inc ludes a 16-b i t  b id ’ i r ec t i ona l  data bus, address 

and f u n c t i o n  l i n e s .  The l i n e s  i n  the c o n t r o l  i n t e r f a c e  a re  shown below. 
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1044 

Data Bus (16 Lines) 

Address (4 Lines) 

Analog Function Select (4 Lines) 

< > 

> 

Read Select 

Write Select 
> 

Data Strobe 

Attenuator Set ADR/VAL 
> 

External Synchronization A/D 

External Synchronization D/A 
< 

Set 

Null Failure 
< 

Interrupt Lines (Expandable to 32 Lines) 
< 

ss- 100 

CONTROL INTERFACE FOR SS-100 

Figure 4 

The analog computer console is selected by the Address lines in the 
control interface. These lines address the console and enable the 
console to receive the data from the Data Bus. 

The functions of the analog computer that are controlled from the 1044 
are described below. 

I 
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Analog Func t ion  S e l e c t  

The f o u r  Analog Func t ion  S e l e c t  l i n e s  and t h e  Read S e l e c t  and W r i t e  

S e l e c t  l i n e s  a r e  used t o  i d e n t i f y  t h e  analog computer f u n c t i o n  which 

i s  be ing  se lec ted .  

Analog Address System 

Command b y t e  B i t  0 1 2 3 4 5 6 7  

The Analog Address System i s  s e l e c t e d  by t h e  above command. The 1044 

w i l l  then send t h e  d e s i r e d  address t o  t h e  analog computer by t h e  Data 

Bus. There i s  then a 10-mi l l i second delay f o r  t h e  address system t o  

s e t t l e .  The analog computer w i l l  then r a i s e  t h e  Ex terna l  Synchron iza t ion  

A/D l i n e .  T h i s  s i g n a l s  t h e  1044 t h a t  t h e  address system has s e t t l e d  

and t h e  d e s i r e d  component has been connected t o  t h e  read-out bus. A 

D i r e c t  Read command t o  t h e  1044 i s  then executed t o  read the  va lue  o f  

t h e  addressed component. 

The format o f  t h e  address word sent  t o  t h e  Analog Address System i s  BCD. 

The address i s  f o u r  d i g i t s ,  w i t h  t h e  f i r s t  d i g i t  i d e n t i f y i n g  t h e  t y p e  

o f  component, as f o l l o w s :  

B i t  0 1 2 3 

0 0 0 0  

0 0 0 1  

0 0 1  0 

0 0 1  1 

0 1 0 0  

0 1 0 1  

0 1 1 0  

0 1 1  1 

1 0 0 0  

1 0 0 1  

Component 

A A m p l i f i e r  

P A t t e n u a t o r  

M Q u a r t e r  Square Mu 

T Trunk 

F F i x e d  Diode Funct 

X M u l t i p l e  

t i p 1  i e r  

on Generator 

S /N  Sample/Hold A m p l i f i e r  

S/C S i  n/Cos Generator 

C Check ( I n i t i a l  D e r i v a t i v e )  

D/R D i g i t a l / A n a l o g  M u l t i p l i e r s  

44 
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Address Format t o  address P115 :  

0001 0001 000 1 01 01 

Mode Cont ro l  

Command b y t e  

0 0 0 1 0 0 1 1  

The Mode Cont ro l  Command i s  used t o  s e t  t h e  mode o f  t h e  analog computer 

from t h e  1044. I n  o r d e r  t o  c o n t r o l  t h e  analog computer mode from t h e  

1044, t h e  mode s w i t c h  on t h e  analog computer console must be s e t  t o  t h e  

REMOTE pos i t ion.  

The format  o f  t h e  mode commands sent  t o  t h e  Mode Cont ro l  l o g i c  i n  t h e  

analog computer a r e  as f o l l o w s :  

Mode - B i t  0 1 2 3 4 5 6 7 8 9 10 1 1  12 1 3  14 15 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 S t a t i c T e s t  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0  R a t e T e s t  

0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 Hold 

0 0 0 0 0 0 0 0 0 0 0 0  1 O O O O p e r a t e  

0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 I n i t i a l  C o n d i t i o n  

0 0 0 0 0 0 0 0 0 0 1 0  0 0 0 0 P o t S e t  

Timer Cont ro l  

Command b y t e  B i t  0 1 2 3 4 5 6 7  

0 0 1 0 0 1 1 1  

The Master Timer and A u x i l i a r y  Timer a r e  c o n t r o l l e d  from t h e  1044 by 

the  Timer Cont ro l  command. 

45 

cc6 Wybrid Systems, lac. 



A f t e r  t he  Timer Contro l  command i s  executed by the  1044, f o u r  h a l f  words 

a re  t ransmi t ted  t o  e i t h e r  the  master o r  a u x i l i a r y  t imer  con t ro l .  The 

format o f  the  data sent t o  the  t imer  i s  as fo l lows:  

1 

2 

3 

4 

I 

Timer Contro l  

I C  Per iod 

OP Per iod 

HOLD Per iod 

The Timer Contro l  h a l f  word determines the  f o l l o w i n g  t imer  opera t ing  

cond i t ions :  

B i t  0 - 2 Mode/3 Mode 

0 - 2 Mode Operat ion 

1 - 3 Mode Operat ion 

B i t  1 - Master /Aux i l ia ry  

0 - Master Timer Contro l  

1 - A u x i l i a r y  Timer Control  

B i t  2 - S ing le  Cycle/Continuous 

0 - S ing le  Cycle 

1 - Continuous 

B i t  3 and 4 - Time Scale Se lec t ion  

00 - Factor  0.01 

01 - Factor 0.1 

10 - Factor  1 .O 

1 1  - Factor  10.0 
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) The remaining th ree  h a l f  words t h a t  are sent t o  the  Timer determine 

the I C ,  OP, and HLD per iods. The format o f  the  h a l f  word i s  BCD. 

Hs. Hybrid Systems, Inc= 

Set A t tenuator  

Command by te  B i t  0 1 2  3 4 5 6 7 
0 0 1 0 1 1 1 1  

I I 

The Set A t tenuator  command i s  used t o  se t  t he  Servo-Set Potent iometers 

o r  D i g i t a l  At tenuators  on the  analog computer. 

The format o f  the data word t o  se t  potent iometers i s  below. 

Address Value I 
0 15 16 31 

The format o f  the  address h a l f  word i s  as shown f o r  t he  analog address 

system. The va lue i s  a BCD number between 0000 and 9999. 

When the  potent iometer  c o n t r o l  o f  t he  analog computer receives the  

address and value, i t  w i l l  cause t h e  a t tenuator  t o  se t  w i t h i n  1.5 

seconds. When the  a t tenua to r  has been se t ,  the  analog computer w i l l  

s igna l  t he  1044 by r a i s i n g  the  SET l i n e  i n  the  c o n t r o l  in te r face .  t f  

t he  a t tenuator  does n o t  s e t  w i t h i n  the  al lowed pe r iod  o f  1.5 seconds, 

t he  N u l l  F a i l u r e  l i n e  w i l l  be raised. This  w i l l  a l so  s e t  the  U n i t  Ex- 
cep t ion  b i t  i n  the  1044 U n i t  Status byte. 

i 

Analog Computer Status 

Command by te  B i t  0 1 2 3 4 5 6 7  

This  command w i l l  cause t h e  1044 t o  read the  SS-100 Status in format ion,  

i n d i c a t i n g  the  c o n d i t i o n  o f  the  analog computer. The SS-100 s ta tus  con- 

d i t i o n s  a re  as descr ibed below. 
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B i t s  9-15 i n d i c a t e  t h e  mode o f  t h e  analog computer as f o l l o w s :  

B i t  9 Remote 

10 Pot Set 

1 1  I n i t i a l  C o n d i t i o n  

12 Operate 

13 Hold 

14 Rate Tes t  

15 S t a t i c  Tes t  

B i t  8 - I n d i c a t e s  t h a t  t h e  analog computer has rece ived an I n v a l i d  

Timer Cont ro l  word. 

B i t  7 - I n d i c a t e s  an over load c o n d i t i o n  i n  t h e  analog computer. 

B i t s  4-6 - I n d i c a t e  t h e  mode o f  t h e  d i g i t a l  l o g i c  i n  t h e  analog computer 

as f o l l o w s :  

B i t  6 Reset 

5 Run 

4 s top  

B i t s  0-3 a r e  n o t  used. 
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,\ 
I PREFACE 

T h i s  p u b l i c a t i o n  descr ibes t h e  H y b r i d  Execut ive  w r i t t e n  f o r  use w i t h  a 

h y b r i d  computer system which inc ludes  t h e  H y b r i d  Systems 1044 Hybr id  Linkage 

U n i t ,  H y b r i d  Systems SS-100 Analog/Hybr id Computer, and t h e  I B M  System/360 

Model 44 Computer. The H y b r i d  Execut ive  i s  designed f o r  use w i t h  t h e  Data 

A c q u i s i t i o n  Mult iprogramming System (DAMPS) f o r  t h e  Model 44. S ince t h e  

H y b r i d  Execut ive  uses some o f  t h e  f a c i l i t i e s  of  .DAMP.S, t h i s  manual inc ludes  

in fo rmat ion  on those p a r t s  o f  DAMPS which a r e  necessary f o r  t h e  use o f  t h i s  

p rog ram. 

Th is  p u b l i c a t i o n  i s  in tended f o r  use by t h e  a p p l i c a t i o n  programmer. For  

a d d i t i o n a l  i n f o r m a t i o n ,  t h e  user  may r e f e r  t o  the  f o l l o w i n g  p u b l i c a t i o n s :  

H y b r i d  Systems, Inc.  1044 H y b r i d  Linkage U n i t  - Reference Manual, P u b l i c a t i o n  6030 

H y b r i d  Systems H y b r i d  Execut ive  - Systems Guide, Pub1 i c a t i o n  6034 

, I B M  Data A c q u i s i t i o n  Mult iprogramming System: 
i Sys tern D e s c r i p t i o n  - Form H20-0467 

i 
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INTRODUCTION 

The Hybr id  Execut ive i s  a se t  o f  subrout ines t h a t  generate channel programs 

f o r  the t r a n s f e r  o f  in fo rmat ion  between the analog and d i g i t a l  computers i n  

a h y b r i d  system. The in fo rmat ion  i s  e i t h e r  c o n t r o l  in fo rmat ion  o r  data used 

i n  the problem so lu t i on .  

The subrout ines a l l ow  the  user t o  c o n t r o l  t h e  1044 and the  SS-100 by de f in -  

i ng  on ly  a few bas ic  parameters i n  a For t ran  subrout ine c a l l  statement. 

They are used t o  perform the  fo l l ow ing :  

. Ana log /D ig i ta l  Conversion, Sequential Addressing 

. Ana log /D ig i ta l  Conversion, Random Addressing 

. Dig i ta l /Ana log  Conversion, Sequent ia l  Addressing 

. D ig i ta l /Ana log  Conversion, Random Addressing 

. D i g i t a l  Input  (Sense Lines) 

. D i g i t a l  Output (Contro l  L ines) 

. Analog Computer Mode Control  

. Analog Computer Readout 

. Potent iometer Set 
, \  

'3 . Problem Checking 

I n  ad 

addi t 

t o  an 

i t i o n  t o  the func t ions  p rev ious l y  l i s t e d ,  

onal hardware features o f  the Model 44 and 

operat ion,  i nc lud ing :  

Operat ion o f  the  Model 44, High-speed Mu 
i n  b u r s t  mode o r  m u l t i p l e x  mode 

. In te rna l  o r  ex te rna l  synchronizat ion 

the programmer can c o n t r o l  

the 1044 where app l i cab le  

t i p l e x o r  Channel 

. In te rna l  c o n t r o l  o f  the  sample and h o l d  a m p l i f i e r s  on the  
analog m u l t i p l e x e r  inputs  

D ig i ta l / ana log  conversion w i t h  s i n g l e  o r  double b u f f e r i n g  . 
The Hybr id  Execut ive i s  designed f o r  use on the  I B M  System/360 Model 44 

w i t h  the minimum c o n f i g u r a t i o n  requ i red  f o r  t h e  Data A c q u i s i t i o n  M u l t i -  

programming System (DAMPS). I n  add i t ion ,  the  system uses one High-speed 

M u l t i p l e x o r  Channel w i t h  th ree  subchannels f o r  attachment o f  t he  1044 

Hybr id  Linkage U n i t .  

ing the CPU of  an event i n  the  analog computer; however, i t  i s  no t  requ i red  

f o r  the connect ion o f  the  1044. 

The P r i o r i t y  I n t e r r u p t  Feature i s  used f o r  n o t i f y -  

h' 
"2 
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DAMPS i s  an augmented vers ion  o f  the Model 44 Programming System which 

has been developed by I B M  t o  extend the  c a p a b i l i t i e s  o f  t he  Model 44 f o r  

rea l - t ime s c i e n t i f i c  app l i ca t ions .  The features of DAMPS are u t i l i z e d  by 

the Hybr id  Executive. I n  p a r t i c u l a r ,  the  DAMPS rou t ines  f o r  responding 

t o  a p r i o r i t y  i n t e r r u p t  a re  o f  major importance t o  the  Hybr id  Executive. 

Due t o  the  i n t e r r e l a t i o n s h i p s  o f  the  Hybr id  Executive and the Data Acquis i -  

t i o n  Multiprogramming System, a d iscuss ion on DAMPS i s  included i n  t h i s  

pub l i ca t i on .  This in fo rmat ion  i s  included on ly  f o r  t he  convenience o f  t he  

user, and no c r e d i t  o r  r e s p o n s i b i l i t y  f o r  the  DAMPS i s  intended. 

k 
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SYSTEM D E S I G N  FEATURES OF DAMPS 

The system prov ides  t h e  user  w i t h  specia 

f o l l o w i n g  f u n c t i o n s  o f  p r ime importance 

' ?  

. Processing e x t e r n a l  p r i o r i t y  i n t e  

. Processing i n p u t / o u t p u t  on r e a l - t  
a channel scheduler  

subrout ines  t o  per fo rm t h e  

n t h e  h y b r i d  system. 

r u p t s  
me channels w i t h  

. Save and r e s t o r e  t h e  s t a t u s  o f  t h e  computer a t  
i n t e r r u p t  t i m e  

The DAMPS subrout ines  and H y b r i d  Execut ive  r o u t i n e s  make a d d i t i o n a l  capa- 

b i l i t i e s  a v a i l a b l e  t o  t h e  user o f  t h e  Model 44 Programming System. These 

a d d i t i o n a l  fea tures  a r e  used by execut ing  c a l l s  t o  t h e  subrout ines  o f  DAMPS 

and t h e  H y b r i d  Execut ive.  A l l  o f  t h e  f e a t u r e s  o f  t h e  Model 44 Programming 

System a r e  a v a i l a b l e .  

When running a program under DAMPS, a p o r t i o n  o f  core  s to rage i s  a l l o c a t e d  

f o r  use by t h e  superv isor .  The remaining core  s to rage i s  a v a i l a b l e  f o r  use 

by t h e  programmer f o r  t h e  Real Time Job. The Real Time Job may i n c l u d e  one 

o r  more Real Time Tasks (RTT). 

The b a s i c  elements o f  a DAMPS program a r e  t h e  Real Time Task (RTT), t h e  

Foreground Task (FGT), and t h e  Real Time Job (RTJ). 

w r i t t e n  e i t h e r  i n  F o r t r a n  o r  assembly language. The RTT i s  a user  w r i t t e n  

r o u t i n e ,  which rece ives  c o n t r o l  as a r e s u l t  o f  a p r i o r i t y  i n t e r r u p t .  The 

RTT then r e l i n q u i s h e s  c o n t r o l  by execut ing  a s u p e r v i s o r  c a l l .  Whi le  t h e  

RTT i s  i n  c o n t r o l ,  i t  can be i n t e r r u p t e d  o n l y  by a h i g h e r  l e v e l  p r i o r i t y .  

When t h e  p r i o r i t y  i n t e r r u p t  i s  accepted, i t s  new Program Sta tus  Word (SW) 

takes e f f e c t  and a l a t c h  i s  se t ,  i n h i b i t i n g  a l l  o t h e r  p r i o r i t y  i n t e r r u p t s  

except those w i t h  a p r i o r i t y  l e v e l  h i g h e r  than t h a t  pending. The l a t c h  i s  

r e s e t  by t h e  s u p e r v i s o r  c a l l ,  a f t e r  which t h e  nex t  lower l e v e l  o f  p rocess ing  

resumes . 

+l 
, j  

The RTT and FGT may be 

The use o f  t h e  RTT i s  designed f o r  p rocess ing  which must be accomplished 

on a p r i o r i t y  i n t e r r u p t  b a s i s  i n  response t o  e x t e r n a l  events i n  t h e  analog 

computer. The analog computer has a number o f  ho les  on t h e  l o g i c  pa tch  

panel which a r e  assigned f o r  use w i t h  p r i o r i t y  i n t e r r u p t s .  An RTT can be 

a t tached t o  t h e  a p p r o p r i a t e  p r i o r i t y  i n t e r r u p t  l e v e l  t o  accompl ish t h e  
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p r i o r i t y  i n t e r r u p t  process ing.  The t a s k  assoc ia ted  w i t h  t h e  h i g h e s t  l e v e l  

o f  p r i o r i t y  w i l l  r e c e i v e  the  CPU a t t e n t i o n  b e f o r e  o t h e r s .  The l e v e l  o f  

p r i o r i t y  s e l e c t e d  f rom an RTT i s  a f u n c t i o n  o f  t h e  t i m i n g  c o n s t r a i n t s  on 

t h e  f u n c t i o n  and must be determined by t h e  programmer. Funct ions which 

do n o t  r e q u i r e  immediate response may use t h e  sense l i n e s  on t h e  analog 

computer t o  s i g n a l  t h e  CPU o f  an e x t e r n a l  event .  

The FGT i s  a user  w r i t t e n  r o u t i n e  which i s  scheduled f o r  execut ion  by t h e  

s u p e r v i s o r ,  r a t h e r  than r e c e i v i n g  immediate a t t e n t i o n ,  as t h e  RTT. The 

FGT then re1 inquishes c o n t r o l  by e x e c u t i n g  a s u p e r v i s o r  c a l l  b e f o r e  t h e  

nex t  FGT can be scheduled. The FGT i s  scheduled f rom a foreground queue. 

E n t r i e s  i n  t h e  queue may be generated by e i t h e r  an FGT o r  RTT. These 

requests a r e  p laced i n  t h e  queue w i t h  a programmer assigned p r i o r i t y  by 

use o f  a s u p e r v i s o r  c a l l  and a r e  processed i n  sequence when no p r i o r i t y  

i n t e r r u p t s  a r e  a c t i v e .  

The FGT i s  used f o r  p rocess ing  which need n o t  be executed as a prompt 

response t o  an e x t e r n a l  event.  

The Real Time Job i s  severa l  Real Time Tasks and Foreground Tasks t h a t  

a r e  grouped t o g e t h e r  as an independent program. 

When t h e  RTJ has been loaded, t h e  system f u n c t i o n s  on two l e v e l s ;  t h e  

p r i o r i t y  i n t e r r u p t  l e v e l ,  and t h e  foreground l e v e l .  The o p e r a t i o n  o f  t h e  

system d u r i n g  each o f  these l e v e l s ,  and t h e  t r a n s i t i o n  between l e v e l s  i s  

descr ibed below. 

When t h e r e  a r e  no a c t i v e  p r i o r i t y  i n t e r r u p t s ,  t h e  system i s  execut inq  

w i t h i n  t h e  s u p e r v i s o r ,  e x e c u t i n g  an FGT, o r  w a i t i n g  f o r  a p r i o r i t y  i n t e r -  

r u p t .  The l a t t e r  c o n d i t i o n  w i l l  a r i s e  o n l y  i f  t h e r e  i s  no demand f o r  

p rocess ing  a t  t h e  foreground l e v e l .  When a scheduled FGT i s  completed, 

c o n t r o l  i s  re tu rned t o  t h e  s u p e r v i s o r  and t h e  FGT.with t h e  h i g h e s t  p r i o r i t y  

request i n  t h e  queue i s  i n i t i a t e d .  

When a p r i o r i t y  i n t e r r u p t  has been accepted, t h e  system i s  o p e r a t i n g  a t  

the  p r i o r i t y  i n t e r r u p t  l e v e l .  Contro l  always operates on t h e  i n t e r r u p t  

a t  t h e  h i g h e s t  l e v e l  and r e t u r n s  t o  t h e  nex t  lower l e v e l .  A t  t h e  comple- 

t i o n  o f  t h e  p r i o r i t y  i n t e r r u p t  process ing,  c o n t r o l  i s  re tu rned t o  the  

r o u t i n e  which was i n t e r r u p t e d  by t h e  o r i g i n a l  RTT. 
.# 
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The fea tures  o f  DAMPS t h a t  a r e  u t i l i z e d  i n  t h e  H y b r i d  Execut ive a r e  t h e  

s u p e r v i s o r  subrout ines  which c o n t r o l  t h e  execut ion  o f  tasks.  The H y b r i d  

Execut ive subrout ines  generate i n p u t / o u t p u t  channel programs which a r e  

executed by t h e  s u p e r v i s o r  us ing  t h e  r e a l  t i m e  channel scheduler.  

The s u p e r v i s o r  subrout ines  a r e  c l a s s i f i e d  i n t o  groups accord ing t o  t h e  

l e v e l  a t  which they operate.  The subrout ines  o f  i n t e r e s t  t o  t h e  h y b r i d  

p rog ramme r a r e  s umma r i zed be 1 ow. 

P r i o r i t y  I n t e r r u p t  Level  Subrout ines 

. Save I n t e r r u p t  Status.  The s t a t u s  o f  t h e  CPU i s  saved a t  t h e  

t i m e  o f  a p r i o r i t y  i n t e r r u p t  which i s  assoc ia ted  w i t h  a Real 

Time Task ( o p t i o n a l ) .  

. Restore I n t e r r u p t  Status.  The s t a t u s  o f  t h e  CPU i s  r e s t o r e d  

a f t e r  p rocess ing  o f  t h e  p r i o r i t y  i n t e r r u p t  has been completed 

( o p t i o n a l ) .  

. Ex i t  from RTT. Requests an e x i t  f rom t h e  RTT, a l l o w i n g  t h e  

s u p e r v i s o r  t o  r e s t o r e  t h e  system t o  i t s  i n i t i a l  c o n d i t i o n .  

. Mask Channel. Masks t h e  channel 1/0 i n t e r r u p t .  

. Unmask Channel. Unmasks t h e  channel 1/0 i n t e r r u p t .  

P r i o r i t y  I n t e r r u p t  o r  Foreground Level  Subrout ines 

. Enable P r i o r i t y  I n t e r r u p t  Level .  Enables up t o  t h r i t y - t w o  

p r i o r i t y  i n t e r r u p t  l e v e l s .  Pending i n t e r r u p t s  on t h e  i n d i c a t e d  

l e v e l s  can o p t i o n a l l y  beLCleared.  

. D i s a b l e  p r i o r i t y  I n t e r r u p t  Level .  Disables up t o  t h r i t y - t w o  

p r i o r  i t y  i n t e  r rup t 1 eve 1 s . 
. Add t o  Queue. An e n t r y  p o i n t  and i t s  assoc ia ted  p r i o r i t y  a r e  

added t o  t h e  queue on t h e  j o b ’ s  foreground l i s t  o f  sequent ia l  

tasks.  

. D e l e t e  f rom Queue. An e n t r y  p o i n t  and i t s  assoc ia ted  p r i o r i t y  

a r e  d e l e t e d  f rom t h e  queue on t h e  j o b ’ s  foreground l i s t  o f  

sequent i a 1 tasks.  

. A t t a c h  a Real Time Task. The des ignated RTT becomes assoc ia ted  

w i t h  t h e  des ignated p r i o r i t y  i n t e r r u p t  l e v e l .  

5 
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Each RTT i s  assembled o r  compi led as a r e l o c a t a b l e  module. The modules 

t a r e  then l i n k - e d i t e d  i n t o  phases and p laced i n  t h e  phase l i b r a r y  i n  a b s o l u t e  UJ ,' 

form as a job .  A t  t h i s  p o i n t ,  a l l  o v e r l a y s  have been conver ted i n t o  abso- 

l u t e  code and a r e  no longer  r e l o c a t a b l e .  

The RTT i s  t h a t  p o r t i o n  o f  a Real Time Job which i s  a c t i v a t e d  i n  response 

t o  a p r i o r i t y  i n t e r r u p t .  When a p r i o r i t y  i n t e r r u p t  occurs,  t h e  o l d  PSW 

i s  s t o r e d  and a new PSW i s  used. A hardware l a t c h  i s  s e t  a t  t h i s  t i m e  which 

i n h i b i t s  a new p r i o r i t y  i n t e r r u p t  a t  t h e  same o r  lower l e v e l ,  b u t  n o t  a t  a 

h i g h e r  l e v e l ;  t h e r e f o r e ,  a l l o w i n g  t h e  RTT t o  be i n t e r r u p t e d  by a h i g h e r  

p r i o r i t y  RTT. When t h e  RTT i s  entered,  a l l  channels a r e  masked i n  t h e  new 

PSW, d i s a b l i n g  a l l  1/0 i n t e r r u p t s .  I f  t h e  Save/Restore o p t i o n  i s  n o t  used, 

t h e  RTT must save t h e  contents  o f  any r e g i s t e r s  t o  be used, and any 1/0 i s  

t o  be executed, t h e  RTT must a l s o  save t h e  s t a t u s  o f  t h e  CPU, i n c l u d i n g  t h e  

CAW, CSW, and IOPSW. 

The channel scheduler  can now be used by execut ing  an i n p u t / o u t p u t  sub- 

r o u t i n e .  When process ing  i s  completed and b e f o r e  t h e  system i s  re leased 

by t h e  LPSX, t h e  RTT must r e s t o r e  t h e  system s t a t u s  which i t  saved. The 

programmer may execute t h e  RTT w i t h  t h e  channels enabled o r  d isab led .  Whi le  

enabled, channel i n t e r r u p t s  from r e a l  t i m e  devices a r e  processed a t  t h e  

p r i o r i t y  l e v e l  and o t h e r s  a r e  stacked; o t h e r w i s e  a l l  channel i n t e r r u p t s  

a r e  processed d u r i n g  foreground t ime. 

I 

The RTT i s  used t o  respond t o  e x t e r n a l  events a t  a p r i o r i t y  l e v e l .  The 

RTT runs t o  complet ion as long as no h i g h e r  p r i o r i t y  i n t e r r u p t s  occur.  

I f  a h i g h e r  l e v e l  p r i o r i t y  i n t e r r u p t  occurs,  c o n t r o l  i s  re tu rned t o  t h e  

i n t e r r u p t e d  RTT w i th '  t h e  system s t a t u s  res tored .  As long as any p r i o r i t y  

i n t e r r u p t  i s  a c t i v e ,  t h e  system i s  o p e r a t i n g  i n  r e a l  t i m e  mode. Even 

though an RTT i s  o p e r a t i n g  a t  i t s  p r i o r i t y  l e v e l ,  i t  must a l l o w  f o r  another  

i n t e r r u p t  un less i t  d i s a b l e s  i n t e r r u p t s  o r  i s  t h e  h i g h e s t  p r i o r i t y  i n t e r -  

r u p t  l e v e l .  The console t y p e w r i t e r  must be assigned t h e  address SYSOOO 

b e f o r e  execut ion  o f  t h e  problem program. 

3. DAMPS CONVENTIONS FOR A REAL TIME PROGRAM 

Th is  s e c t i o n  inc ludes  a b r i e f  d e s c r i p t i o n  o f  each o f  the  DAMPS Superv isor  

C a l l  r o u t i n e s  and t h e  FORTRAN o r  Assembly Language Subrout ines t h a t  w i l l  
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t o  be used w i t h  the  Hybr id  Executive subroutines. These rout ines are  requi red 

e i t h e r  by DAMPS o r  t he  Hybr id  Executive t o  perform rea l  t ime input /output .  

IDENTRTJ - Supervisor C a l l  

The IDENTRTJ supervisor c a l l  i s  used t o  i d e n t i f y  a rea l  t ime job.  P r i o r  

t o  the execution o f  t h i s  superv isor  c a l l ,  none o f  the  DAMPS features may 

be used. An attempt t o  use a DAMPS supervisor c a l l  p r i o r  t o  the execution 

o f  IDENTRTJ w i l l  cause the  j o b  t o  be cancelled. 

FIDRTJ - For t ran  Subroutine 

The FIDRTJ subrout ine i s  used by the FORTRAN programmer t o  i d e n t i f y  an RTJ. 

P r i o r  t o  the  execution o f  t h i s  subroutine, none o f  the  DAMPS features can 

be used and attempt t o  use the DAMPS features w i l l  r e s u l t  i n  cance l l a t i on  

o f  t he  job.  The subrout ine i s  executed by a FORTRAN c a l l  statement as 

* '\ 
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fo l lows:  

CALL F l D R T j  

ATTACH - Supervisor Ca l l  

The ATTACH superv isor  c a l l  i s  used t o  associate an RTT w i t h  a spec 

p r i o r i t y  i n t e r r u p t  l eve l .  Subsequent p r i o r i t y  i n t e r r u p t s  a t  the  g 
i 

~ _"/ l eve l  w i l l  cause con t ro l  t o  be t rans fe r red  t o  the  associated RTT. 

ATTACH supervisor c a l l  does not  enable the  p r i o r i t y  i n t e r r u p t  leve 

i s  accomplished by the  ENPILS superv isor  c a l l .  

Three opt ions o f  t h i s  superv 

various l eve l s  o f  superv isor  

user may have the superv isor  

i n t e r r u p t  t ime i n  what i s  ca 

f i c  

ven 

The 

; t h i s  

so r  c a l l  a re  a v a i l a b l e  which prov ide f o r  

con t ro l  a t  p r i o r i t y  i n t e r r u p t  time. The 

perform a l l  the  necessary housekeeping a t  

l ed  a c o n t r o l l e d  RTT. A l te rna te l y ,  t he  user 

may have the  RTT assume the  r e s p o n s i b i l i t y  f o r  housekeeping i n  what i s  

c a l l e d  an uncont ro l led  RTT. 

t o  c o n t r o l l e d  by use o f  t he  CONVERT superv isor  c a l l  dur ing the  execution 

o f  the  RTT. 

O r  a user may convert an RTT from uncont ro l led  

C o n t r o l l e d  Real Time Tasks receive con t ro l  i n  the  problem s t a t e  w i t h  a l l  

necessary reg i s te rs  saved. Uncontrol led  Real Time Tasks receive con t ro l  

i n  the superv isor  s t a t e  d i r e c t l y  as a r e s u l t  o f  t he  p r i o r i t y  i n t e r r u p t  

w i t h  no r e g i s t e r s  saved. The uncont ro l led  RTT i s  t o t a l l y  responsib le  f o r  

7 



preserv ing the  s ta tus  o f  the  system i s  not  allowed t o  use any superv isor  

c a l l s .  However, the  uncont ro l led  RTT can be converted t o  c o n t r o l l e d  dur ing  

the  p r i o r i t y  i n t e r r u p t  by executing the  CONVERT superv isor  c a l l .  

I f  a CONVERT superv isor  c a l l  i s  used, con t ro l  i s  returned t o  t h e  RTT i n  

the problem s t a t e  and a l l  superv isor  c a l l s  may be used. Subsequent 

p r i o r i t y  i n t e r r u p t s  w i l l  i n i t i a t e  the  RTT i n  the  uncont ro l led  mode. 

When ATTACH i s  executed, general r e g i s t e r  1 must conta in  the  address o f  

a parameter l i s t .  The l i s t  contains fou r  words and i s  on a fu l l -word  

boundary. Word 1 conta ins the  absolute address o f  the en t r y  p o i n t  o f  t he  

RTT. Word 2 o f  t he  l i s t  contains the  absolute address o f  a 61-word save 

area which i s  on a fu l l -word  boundary. Word 3 contains two parameters: 

the f i r s t  h a l f  o f  t he  word contains the  hexadecimal representat ion o f  t he  

p r i o r i t y  i n t e r r u p t  l e v e l ;  t he  t h i r d  by te  conta ins an i n d i c a t i o n  o f  t he  

se lected opt ion,  and the  f o u r t h  by te  i s  zero. Word 4 conta ins the  absolute 

address o f  a fou r  double-word save area f o r  f l o a t i n g  po in ts  reg i s te rs .  The 

l a s t  save area i s  op t i ona l .  The format o f  t he  l i s t  i s  as fo l lows:  
2 

F i e l d  Con ten ts  

Word 1 Contains the  absolute address o f  t he  e n t r y  p o i n t  o f  t he  Real 

Time Task 

Contains the  absolute address o f  a 61-word save area a l igned 

on a fu l l -word  boundary 

Word 2. 

Word 3 
Bytes 1 ,  2 Contains the  hexadecimal representat ion o f  a decimal 

number 0-31, represent ing the  p r i o r i t y  i n t e r r u p t  l eve l  

t o  be attached. 

Byte 3 Contains a hexadecimal i n d i c a t o r  f o r  the  s e l e c t i o n  opt ion,  

as fo l lows:  

“00” - Ind icates t h a t  t he  RTT i s  t o  be uncontro l led.  

The 61-word save area i s  no t  requi red i f  t h i s  

op t i on  i s  selec,ted. 

“OFL’ - Ind icates t h a t  the  RTT i s  t o  be i n i t i a l l y  uncon- 

t r o l l e d  bu t  w i l l  be converted t o  a c o n t r o l l e d  task  

du r i ng exec u t i on. 
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'- '\ D l S P l L S  - Supervisor C a l l  

The D l S P l L S  superv isor  c a l l  i s  used t o  d i s a b l e  p r i o r i t y  i n t e r r u p t  l e v e l s .  

A l l  the l e v e l s  i n d i c a t e d  i n  an i n d i v i d u a l  c a l l  a r e  d i s a b l e d  s imu l taneous ly .  

"I 
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When the D l S P l L S  superv isor  c a l l  i s  executed, genera l  r e g i s t e r  1 must con- 

t a i n  the address o f  a parameter l i s t .  

3 t o  34 bytes depending on the  number of p r i o r i t y  i n t e r r u p t  l e v e l s  t o  be 

disabled. Byte 1 of t h e  l i s t  w i l l  c o n t a i n  e i t h e r  a hexadecimal "00" o r  

'IFF", and b y t e  2 w i l l  i n d i c a t e  t h e  number o f  p r i o r i t y  i n t e r r u p t  l e v e l s .  

The remaining bytes w i l l  each c o n t a i n  a number from 0 t o  31 i n d i c a t i n g  t h e  

p r i o r i t y  l e v e l  t o  be d isab led .  The format  o f  t h e  parameter l i s t  i s  as 

f o l l o w s :  

The parameter l i s t  w i l l  c o n t a i n  from 

-cs 

Byte Contents 

1 Contains a hexadecimal "00" o r  "FF" . Any o t h e r  combinat 

- 

i s  i n v a l i d .  

2 Contains a hexadecimal number i n d i c a t i n g  t h e  number o f  p 

i n t e r r u p t  l e v e l s  t o  be d i s a b l e d  by t h e  s u p e r v i s o r  c a l l .  

number g r e a t e r  than 32 o r  l e s s  than 1 i s  i n v a l i d .  

on 

i o r i t y  

Any 

3 - 34 One by te ,  c o n t a i n i n g  t h e  hexadecimal e q u i v a l e n t  o f  a decimal 

number f rom 0 t o  31 f o r  each p r i o r i t y  i n t e r r u p t  l e v e l  t o  be 

d isab led .  

RTCANCEL - Superv isor  C a l l  

The RTCANCEL s u p e r v i s o r  c a l l  i s  used f o r  abnormal t e r m i n a t i o n  o f  an RTJ. 

EOTRTJ i s  used f o r  normal t e r m i n a t i o n .  

f i e d ,  i t  w i l l  be g i v e n  c o n t r o l  immediately a f t e r  execut ion  o f  RTCANCEL. 

Fo l low ing  t h e  a b o r t  r o u t i n e ,  a system dump i s  p r o v i d e d  i f  t h e  a b o r t  r o u t i n e  

r e t u r n s  c o n t r o l .  A lso,  i f  t h e  a b o r t  r o u t i n e  r e t u r n e d  c o n t r o l ,  t h e  super- 

v i s o r  w i l l  i n i t i a t e  l o a d i n g  the  n e x t  j o b .  

I f  an a b o r t  r o u t i n e  has been s p e c i -  

There i s  no parameter l i s t  assoc ia ted  w i t h  t h e  RTCANCEL superv isor  c a l l .  

The RTCANCEL superv isor  c a l l  i s  in tended f o r  use by any a p p l i c a t i o n  program 

1 1  



which recognizes abnormal c o n d i t i o n s  d u r i n g  execut ion .  I f  t h e  abnormal 

c o n d i t i o n  r e s u l t e d  i n  a program check, t h e  same procedure w i l l  be executed '., 
a )  

a u t o m a t i c a l l y .  

EOTRTJ - Superv isor  C a l l  

The EOTRTJ s u p e r v i s o r  c a l l  i s  used f o r  normal t e r m i n a t i o n  o f  a Real Time 

Job. RTCANCEL i s  used f o r  abnormal t e r m i n a t i o n s .  A f t e r  EOTRTJ 

executed, c o n t r o l  w i l l  be re tu rned t o  t h e  s u p e r v i s o r  which w i l l  

l o a d i n g  t h e  nex t  j o b .  F a i l u r e  t o  end an RTJ i n  t h i s  manner may 

i n t e r f e r e n c e  w i t h  l a t e r  jobs .  There i s  no parameter l i s t  assoc  

t h e  EOTRTJ s u p e r v i s o r  c a l l .  

RTlO - Superv isor  C a l l  

The R T l O  s u p e r v i s o r  c a l l  i s  used t o  execute i n p u t / o u t p u t  o p e r a t  

t h e  Real Time Channel Scheduler. When t h e  RTlO s u p e r v i s o r  c a l l  

has been 

i n i t i a t e  

r e s u l  t i n  

a t e d  w i t h  

ons v i a  

i s  exe- 

cuted, genera l  r e g i s t e r  1 must c o n t a i n  t h e  address o f  t h e  Request Cont ro l  

B lock  wh ich  d e f i n e s  t h e  d e s i r e d  o p e r a t i o n .  

MASK/UNMASK - Superv isor  C a l l  

The MASK/UNMASK s u p e r v i s o r  c a l l  i s  used t o  enable and d i s a b l e  1/0 i n t e r -  

r u p t s .  When t h e  MASK/UNMASK s u p e r v i s o r  c a l l  i s  executed, genera l  r e g i s t e r  

1 must c o n t a i n  t h e  address o f  a b y t e  which conta ins ,  i n  b i t  p o s i t i o n s  0 - 2, 

t h e  d e s i r e d  s e t t i n g  o f  t h e  channel mask p o r t i o n  o f  t h e  System Mask. 

FATACH - F o r t  ran Subrout ine 

The FATACH FORTRAN s u b r o u t i n e  i s  used t o  a s s o c i a t e  an RTT w i t h  a s p e c i f i c  

p r i o r i t y  i n t e r r u p t  l e v e l .  Subsequent p r i o r i t y  i n t e r r u p t s  a t  t h a t  l e v e l  

w i l l  cause c o n t r o l  t o  be t r a n s f e r r e d  t o  t h e  assoc ia ted  RTT. The RTT i s  

te rmina ted  by use o f  t h e  FRETRAN FORTRAN subrout ine .  The FATACH s u b r o u t i n e  

does n o t  enable t h e  p r i o r i t y  i n t e r r u p t  l e v e l ;  t h i s  i s  accomplished by t h e  

FENPIL FORTRAN subrout ine .  

The FATACH s u b r o u t i n e  i s  executed by a FORTRAN c a l l  statement w i t h  t h e  

f o l l o w i n g  format :  

CALL FATACH (RTT, RTSAVE, N, FPSAVE) * L  
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The parameter l i s t  i s  descr ibed below: 

’“7 RTT - The name o f  t h e  Real Time Task t o  be a t tached.  The RTT must 

have been compi led as a separate FORTRAN subrout ine .  The 

name must appear i n  a FORTRAN EXTERN statement i n  t h e  sub- 

r o u t i n e  where t h e  a t t a c h  i s  executed. 

RTSAVE - The name o f  an a r r a y  c o n t a i n i n g  a 61-word save area. A d i f -  

f e r e n t  save area must be e s t a b l i s h e d  f o r  each RTT, and i t  may 

n o t  be used f o r  any o t h e r  purpose. 

N - An i n t e g e r  f rom 0-31 i n d i c a t i n g  the  p r i o r i t y  i n t e r r u p t  l e v e l  

t o  be associated. w i t h  t h e  RTT. 

FPSAVE - The name o f  an a r r a y  c o n t a i n i n g  a f o u r  double-word save area 

f o r  f l o a t i n g  p o i n t  r e g i s t e r s .  A d i f f e r e n t  area must be estab-  

l i s h e d  f o r  each RTT, and i t  may n o t  be used f o r  any o t h e r  

purpose . 
The a t tached RTT i s  i n  asynchronous o p e r a t i o n .  Parameters may n o t  be passed 

w h i l e  t h e  r o u t i n e  i s  i n  c o n t r o l  and t h e  save area may n o t  be l o c a t e d  i n  

COMMON. ** 

FRETRAN - F o r t  ran subrout  i ne 

The FRETRAN FORTRAN s u b r o u t i n e  i s  used t o  t e r m i n a t e  a FORTRAN Real Time 

Task. Cont ro l  i s  r e t u r n e d  t o  t h e  n e x t  lower  RTT, when one i s  a c t i v e .  I n  

t h e  event  t h a t  none a r e  a c t i v e ,  c o n t r o l  i s  re tu rned t o  foreground process- 

ing.  

statement i n  a FORTRAN s u b r o u t i n e  which i s  t o  be an RTT. 

Use o f  t h e  FRETRN s u b r o u t i n e  does n o t  p rec lude t h e  use o f  t h e  END 

The FRETRN s u b r o u t i n e  i s  executed by a FORTRAN c a l l  statement w i t h  t h e  

f o l l o w i n g  format :  

CALL FRETRN 

The s u b r o u t i n e  has no parameter l i s t .  

13 
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FDSPIL - F o r t r a n  Subrout ine  
\ 

* .I 
The FDSPIL FORTRAN Subrout ine  i s  used t o  d i s a b l e  p r i o r i t y  i n t e r r u p t  l e v e l s .  

A l l  t h e  l e v e l s  i n d i c a t e d  i n  an i n d i v i d u a l  c a l l  a r e  d i s a b l e d  s imu l taneous ly .  

The FDSPIL s u b r o u t i n e  i s  executed by a FORTRAN c a l l  statement w i t h  t h e  

f o l l o w i n g  format :  

CALL FDSPIL ( 1 ,  J1, J2, ... Jn) 

The parameter l i s t  i s  descr ibed below: 

- I s  an i n t e g e r  zero.  I 

Jn - Each Jn i s  an i n t e g e r  f rom 0 t o  31 i n d i c a t i n g  a 

s p e c i f i c  p r i o r i t y  i n t e r r u p t  l e v e l  t o  be d isab led .  

There w i l l  be one Jn f o r  each l e v e l  t o  be d isab led .  

FENP I L - F o r t  ran Subrout ine  

The FENPIL s u b r o u t i n e  i s  used t o  enable p r i o r i t y  i n t e r r u p t  l e v e l s .  A l l  

t h e  l e v e l s  i n d i c a t e d  i n  an i n d i v i d u a l  c a l l  a r e  enabled s imul taneously .  

Pending i n t e r r u p t s  on t h e  i n d i c a t e d  l e v e l s  w i l l  be c l e a r e d  i f  t h e  r e s e t  

o p t i o n  i s  s p e c i f i e d .  

The FENPIL s u b r o u t i n e  i s  executed by a FORTRAN c a l l  statement w i t h  t h e  

f o l l o w i n g  fdrmat :  

CALL FENPIL, (1, J1, J2, ... Jn) 

The parameter l i s t  i s  descr ibed below: 

I - I s  an i n t e g e r  i n d i c a t i n g  t h e  s e l e c t i o n  o f  t h e  r e s e t  

o p t i o n .  I f  I - 255, t h e  s e l e c t e d  p r i o r i t y  i n t e r r u p t s  

w i l l  have pending i n t e r r u p t s  r e s e t  a t  t h e  t i m e  o f  

enab l ing .  I f  I = 0, t h e  pending i n t e r r u p t s  w i l l  not 

be r e s e t .  

Jn - Each Jn i s  an i n t e g e r  f rom 0 t o  31 i n d i c a t i n g  a s p e c i f i c  

p r i o r i t y  i n t e r r u p t  l e v e l  t o  be enabled. There w i l l  be 

one Jn f o r  each l e v e l  t o  be enabled. 

14 
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FQUEUE - FORTRAN Subrout ine  

The FQUEUE FORTRAN s u b r o u t i n e  i s  used t o  e n t e r  a request  f o r  execut ion  o f  

a Foreground Task, w i t h  an assoc ia ted  p r i o r i t y ,  i n t o  t h e  Foreground Queue. 

The requests i n  the  Foreground Queue a r e  honored i n  p r i o r i t y  sequence. 

The FQUEUE FORTRAN s u b r o u t i n e  i s  executed by a FORTRAN c a l l  statement w i t h  

t h e  f o l l o w i n g  format :  

,,- -\ 1 

CALL FQUEUE ( I P 1  , NAME, I RC, IP2) 

The parameter 1 i s t  i s  descr ibed below: 

Hybrid Systems, One. 

I R C  Value 

I R C  = 0 
) 

-t& 

I R C  = 4 

I R C  = 15 

I R C  = 240 

I R C  = 255 

1 P2 

I P 1  - 

NAME - 

I R C  - 

An i n t e g e r  f rom 0 - 127 r e p r e s e n t i n g  t h e  p r i o r i t y  o f  t h e  

foreground task.  A l l  o t h e r  va lues a r e  i n v a l i d .  

The name of the  Foreground Task be ing  queued. 

must a l s o  appear i n  an EXTERNAL statement ,  and t h e  Fore- 

ground Task must have been compi led as a FORTRAN subrout ine .  

The name 

An i n t e g e r  v a r i a b l e  which w i l l  c o n t a i n  t h e  complet ion 

code re tu rned a f t e r  complet ion o f  t h e  subrout ine .  The 

va lue  i s  encoded as f o l  lows: 

Meaning 

I n d i c a t e s  t h e  queue request was s u c c e s s f u l l y  p laced 

i n the  Foreground Queue. 

I n d i c a t e s  t h a t  t h e  address o f  t h e  parameter l i s t  

was i n v a l i d .  

I n d i c a t e s  t h a t  an i n v a l i d  p r i o r i t y  was conta ined 

i n  I P l .  

I n d i c a t e s  t h a t  t h e  name o f  t h e  Foreground Task was 

i n v a l i d .  The name may n o t  have appeared i n  an 

EXTERNAL statement.  

I n d i c a t e s  t h a t  t h e  Foreground Queue was f u l l .  

An i n t e g e r  v a r i a b l e  which can be used t o  pass a v a r i a b l e  

t o  the  queued subrout ine .  

Only i f  I R C  i s  equal t o  0 was t h e  foreground t a s k  queued. Any i n v a l i d  con- 

d i t i o n s  n o t  i n d i c a t e d  above w i l l  cause the  j o b  t o  be cance l led .  



FDEQUE - FORTRAN Sub r o u t i n e  

The FDEQUE FORTRAN subrout ine  i s  used t o  de le te  a prev ious request f o r  

execut ion o f  a Foreground Task. The unqueue request,  which i s  a c t u a l l y  

p laced  i n  the  Foregroung Queue, i s  honored j u s t  p r i o r  t o  the  next  

foreground scheduling. A queue request i s  i d e n t i f i e d  on the  bas i s  the  

name o f  t he  Foreground Task and the  p r i o r i t y  o f  t he  request. When the  

4 1: 

unqueue request i s  honored, a l l  requests w i t h  the  same name and p r i o r i t y  

w i  1 1  be deleted. 

The FDEQUE FORTRAN subrout ine  i s  executed by a FORTRAN Ca l l  statement w i t h  

the f o l l o w i n g  format:  

CALL FDEQUE ( I P 1 ,  NAME, I R C )  

The parameter l i s t  i s  descr ibed below: 

I P 1  - An in tege r  from 0 - 127 represent ing the p r i o r i t y  o f  t he  

Foreground Task. A l l  o the r  values are  i n v a l i d .  

NAME - The name o f  the Foreground Task t o  be deleted from the  
i 

j~ e’ queue. The name must a l s o  appear i n  an EXTERNAL statement. 

1 RC 

I R C  Value 

- An in tege r  v a r i a b l e  conta in ing  the complet ion code re-  

re turned a f t e r  complet ion o f  t he  subrout ine.  The r e t u r n  

code i s  encoded as fo l lows:  

Mean i na 

I R C  = 0 

I R C  = 4 

I R C  = 15 

I R C  = 240 

I R C  = 255 

Ind ica tes  t h a t  the  dequeue request was success fu l l y  placed 

i n  the  queue. 

Ind ica tes  t h a t  t he  address of the  parameter l i s t  was 

i n v a l i d .  

Ind ica tes  t h a t  an i n v a l i d  p r i o r i t y  was contained i n  

I P 1 .  

Ind ica tes  t h a t  the  name o f  the  Foreground Task was 

i n v a l i d .  The namemay no t  have appeared i n  an EXTERNAL 

Statement. 

Ind ica tes  t h a t  the  Foreground Queue was f u l l .  
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Only i f  I R C  i s  equal t o  0 was the request queued. Any i n v a l i d  cond i t i on  

o ther  than those o u t l i n e d  above w i l l  cause the  j o b  t o  be cancelled. 

FEORTJ - For t ran  Subroutine 

, -h 

) 

The FEORTJ subrout ine i s  used f o r  normal te rmina t ion  o f  a Real Time Job. 

A f t e r  FEORTJ has been executed, con t ro l  w i l l  be returned t o  the  supervisor 

which w i l l  i n i t i a t e  loading the  next  job. F a i l u r e  t o  end an RTJ i n  t h i s  

manner may r e s u l t  i n  in te r fe rence w i t h  subsequent jobs. The FEORTJ i s  exe- 

cuted by a FORTRAN c a l l  statement w i t h  the  fo l l ow ing  format: 

CALL FEORTJ 

FCANCL - For t ran  Subroutine 

The FCANCL subrout ine i s  used f o r  abnormal te rmina t ion  o f  a Real Time Job. 

I f  the  DUMP op t i on  was ind ica ted  i n  the  j o b  cards f o r  the run, a storage 

dump w i l l  be provided. The subrout ine i s  executed by a FORTRAN c a l l  s ta te -  

ment w i t h  the f o l l o w i n g  format: 

CALL FCANCL 

FDONE - For t ran  Subroutine 

The FDONE subrout ine i s  used t o  terminate a FORTRAN Foreground Task. Con- 

t r o l  i s  re turned t o  the  superv isor  and the  FGT w i t h  t h e  h ighest  p r i o r i t y  

i n  the Foreground Queue i s  i n i t i a t e d .  Where m u l t i p l e  requests of i d e n t i c a l  

p r i o r i t i e s  a re  concerned, the  o ldes t  e n t r y  w i l l  be accepted f i r s t .  Use of 

The FDONE subrout ine does no t  preclude use o f  the  END statement i n  a FORTRAN 

subrout ine which i s  t o  be an FGT. The FDONE subrout ine i s  executed by a 

FORTRAN c a l l  statement w i t h  the  fo l l ow ing  format: 

CALL FDONE 

FRCBSU - For t ran  Subroutine 

The FRCBSU subrout ine i s  used t o  b u i l d  a Request Control Block. A Request 

Control Block i s  requi red f o r  each request f o r  rea l  t ime I / O ,  and serves as 

the communication l i n k  between the  program and the  channel scheduler. The 

'3 Request Control Block can be used by on ly  one 1/0 request a t  a t ime. The 
'\ *I 
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contents o f  the block must not be changed during execution; however, if 
the parameters for subsequent I / O  operations are identical, the RCB can 
be reused. r; i'i 

Several options for 1/0 operations may be designated in the RCB. The asso- 
ciated transaction may be queued if the device is busy, or the user may 
wish to have it cancelled. The user may wish to treat the associated re- 
quest as a burst operation. A request may also be initiated for the queue- 
ing of a certain foreground task upon successful completion of the I/O. The 
FRCBSU subroutine is executed by a FORTRAN call statement with the following 
f orma t : 

CALL FRCBSU (RCB, IUNITI, CCWA1, IOPT1, IFGTA, NAME, IP1, IP2, 
IUNIT2, CCWA2, IOPT2, IUNIT3, CCWA3, IOPT3) 

The parameter list is described below: 

RCB The name of the area where the RCB will be constructed 
and maintained. The area must be 8 full words for each RCB 
requested. 

IUNlTl - An integer code for the symbolic unit. 
CCWAI - The name of the area where the channel program wi 1 1 be 

located. This area will also be referenced in a call to 
the appropriate subroutine for construction of the channel 
p rog ram. 

IOPTl - An integer indicating one or more of the following options; 
if more than one option is being described, the value is the 
sum o f  the applicable codes. If none are applicable, the 
parameter should be omitted. 

IOPTl = 16 (not used with the Hybrid Executive) 
IPTOl = 8 The 1/0 request is not to be queued by the channel 

if the facility is busy. 

IOPTl = 4 A second RCB is requested, for which additional parameters 
are required as described below. When this option is 

selected, eight additional full words of storage are used 
by the RCB. 

18 



IOPTl = 2 The 1/0 request i s  t o  be a b u r s t  operat ion.  

'-) IOPTl = 1 An FGR i s  t o  be queued when the  1/0 i s  completed. 

Add i t i ona l  parameters are requ i red  as descr ibed below. 

The next  f o u r  parameters a re  inc luded o n l y  when IOPTl i s  an odd in tege r  

i n d i c a t i n g  FGT queueing. 

IFGTA - The name o f  a th ree  f u l l - w o r d  area where a parameter l i s t  

w i l l  be const ructed f o r  queueing the  FGT. 

NAME - The name o f  the e n t r y  p o i n t  o f  the FGT. 
I P 1  - An in tege r  from 0 t o  127 represent ing  the  p r i o r i t y  

I P2 - An in tege r  v a r i a b l e  which can be used t o  pass a v a r i a b l e  
o f  the  FGT. 

t o  the queued FGT. 

The next two parameters a re  requ i red  i f  the  m u l t i p l e  RCB op t i on  is i nd i ca ted  

i n  IOPT1. The t h i r d  parameter i s  op t i ona l  unless a t h i r d  RCB i s  requested. 

IUNIT2 - An in tege r  code f o r  t he  symbolic u n i t .  

CCWA2 - The name o f  the  area where the  channel program w i l l  be ) 
located.  This  area w i l l  a l so  be referenced i n  a c a l l  t o  the 

appropr ia te  subrout ine f o r  cons t ruc t i on  o f  the  channel 

p rog ram. 

IOPT2 - An in tege r  code i n d i c a t i n g  the  se lec ted  op t ions .  I f  none o f  

the  op t ions  are  app l i cab le ,  t h i s  parameter should be omi t ted.  

IOPT2 = 4 Add i t i ona l  RCB's a re  requested f o r  which a d d i t i o n a l  

parameters are requi red.  When t h i s  op t i on  i s  se lected,  

e i g h t  a d d i t i o n a l  words o f  storage are  used by the  RCB. 

IOPT2 = 2 The input /ou tpu t  request i s  t o  be t rea ted  as a bu rs t  

ope r a t i o n .  

IOPT2 = 6 Both o f  the  above op t ions .  

[ [ !NIT3 - An in tege r  code f o r  the  symbolic u n i t .  

CCWA3 - The name of the area where the  channel program w i l l  be located.  

This  area w i l l  a l s o  be referenced i n  a c a l l  t o  the  appropr ia te  

subrout ine f o r  cons t ruc t i on  o f  the  channel program. 
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1 0 ~ ~ 3  - An i n t e g e r  code i n d i c a t i n g  an o p t i o n  f o r  b u r s t  mode o p e r a t i o n .  

'? I f  t h e  o p t i o n  i s  n o t  used, t h e  parameter should be omi t ted .  

IOPT3 = 2 The 1/0 request i s  a b u r s t  mode opera t ion .  

FRTIO - F o r t r a n  s u b r o u t i n e  

The FRTlO s u b r o u t i n e  i s  used t o  execute r e a l  t i m e  I / O .  The FRTIO s u b r o u t i n e  

i s  executed by a FORTRAN c a l l  statement i n  t h e  f o l l o w i n g  format :  

CALL FRTIO (RCB, I RET) 

The parameter 1 i s t  i s  descr ibed below: 

RC B - The address o f  t h e  RCB which was e s t a b l i s h e d  by a p rev ious  

c a l l  FRCBSU. 

1 RET An i n t e g e r  v a r i a b l e  where one of t h e  f o l l o w i n g  two codes w i l l  

be p laced by t h e  FRTIO subrout ine .  T h i s  parameter i s  r e q u i r e d  

o n l y  i f  parameter IOPTl i n  t h e  c a l l  FRCBSU statement i n d i c a t e d  

t h a t  t h e  1/0 request was n o t  t o  be queued. 

\ 
IRET = 0 The I / O  o p e r a t i o n  was i n i t i a t e d .  

IRET = 8 The 1/0 o p e r a t i o n  was not i n i t i a t e d  because t h e  u n i t  o r  

channel was busy. 

FMSK - F o r t r a n  Subrout ine  

The FMSK s u b r o u t i n e  i s  used t o  mask one o r  more channels d u r i n g  execut ion  

o f  a Real Time Task. The FMSK s u b r o u t i n e  i s  executed by a FORTRAN c a l l  

w i t h  t h e  f o l l o w i n g  format :  

CALL FMSK (RCB1,  RCB2, RCB3) 

The e n t r i e s  i n  t h e  parameter l i s t  re fe rence a p r e v i o u s l y  e s t a b l i s h e d  RCB. 

The channels t o  which t h e  referenced devices a r e  a t tached w i l l  be 'd isab led  

and unreferenced channels w i l l  be enabled. From one t o  t h r e e  RCB's may be 

s p e c i f i e d .  
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FUNMSK - F o r t  ran sub r o u t i n e  

The FUNMSK subrout ine i s  used t o  unmask a channel dur ing  execut ion o f  a 

Real Time Task. The FUNMSK subrout ine i s  executed by a FORTRAN c a l l  w i t h  

the f o l l o w i n g  format: 

-> 

Uybrid Systems. Ire. 

CALL FUNMSK (RCBI , RCB2, RCB3) 

-HI 

The e n t r i e s  i n  the parameter l i s t  re ference p rev ious l y  es tab l i shed Request 

Contro l  Blocks. The channels t o  which the  i nd i ca ted  devices are  at tached 

w i l l  be enabled and unreferenced channels w i l l  be disabled. From one t o  

th ree  R C B ' s  may be spec i f i ed .  

FCHECK - For t ran  subrout ine 

The FCHECK subrout ine i s  used t o  check t h e  progress o f  a r e a l  t ime 1/0 

operat ion.  The FCHECK subrout ine i s  executed by a FORTRAN c a l l  statement 

i n  the fo l l ow ing  format: 

CALL FCHECK (RCB , I RET, IOPT) 

I The e n t r i e s  i n  the parameter l i s t  are de f ined as fo l l ows :  
* /  

RCB - The name o f  the area con ta in ing  the  Request Contro l  Block 

es tab l i shed w i t h  an FRCBSU subrout ine c a l l .  

IRET - An in tege r  v a r i a b l e  where one o f  the  f o l l o w i n g  r e t u r n  codes 

w i l l  be placed by the  FCHECK subrout ine.  

IRET = 0 The input /output  opera t ion  came t o  a normal completion. 

IRET = 1 A u n i t  except ion was ind ica ted  i n  the  ending s ta tus  o f  

the  input /output  operat ion.  

IRET = 4 The input /ou tpu t  opera t ion  has n o t  been completed. 

IRET = 8 The input /output  opera t ion  was no t  s ta r ted .  A busy con- 

d i t i o n  was encountered when the  opera t ion  was requested and 

parameter IOPTl i n  the  FRCBSU c a l l  i nd i ca ted  t h a t  t he  request 

was no t  t o  be queued. 

21  



IOPT - An integer code equal to 1 ,  designating that the FCHECK 

~ '\ 
subroutine i s  to wait for completion o f  the operation 

before returning control to the calling program. If IOPT = 

0, the subroutine will return to the main program upon com- 

pl et i on. 

., 

J ... 

22 

Uybrid Systems. Inc. 



4 '  H Y B R I D  EXECUTIVE SUBROUTINES 
' -a 

Hybrid Systems. Inc. 

The H y b r i d  Execut ive  c o n s i s t s  o f  subrout ines  t h a t  generate channel programs 

and then use t h e  DAMPS r e a l  t ime channel scheduler  t o  execute t h e  i n p u t / o u t p u t .  

The subrout ines  may be used e i t h e r  w i t h  a Real Time Task o r  Foreground Task. 

,I 

-Ira 

The H y b r i d  Execut ive subrout ines  may be used accord ing  t o  two genera l  DAMPS 

c l a s s i f i c a t i o n s ,  e i t h e r  Real Time Tasks o r  Foreground Tasks. 

Programming Under DAMPS 

Foreground tasks a r e  executed i n  t h e  problem s t a t e .  The e n t r y  p o i n t  t o  an 

FGT i s  d e f i n e d  when t h e  FGT i s  queued and t h e  FGT i s  completed when t h e  DONE 

s u p e r v i s o r  c a l l  i s  executed. I n  o r d e r  f o r  t h e  FGT t o  r e c e i v e  c o n t r o l ,  a 

request must be p laced i n  t h e  foreground queue by execut ion  o f  t h e  QUEUE 

s u p e r v i s o r  c a l l  which can be executed by an FGT o r  RTT. A task  p r i o r i t y  

and a parameter va lue ,  c o n s i s t i n g  o f  one f u l l  word, may be s p e c i f i e d  when 

the  t a s k  i s  queued. 

I f  the  foreground queue i s  empty when an RTT queues and FGT, t h e  FGT w i l l  

r e c e i v e  c o n t r o l  immediately a f t e r  t h e  system r e t u r n s  t o  foreground l e v e l .  

I f  t h e  queue i s  n o t  empty, each e n t r y  i s  p laced i n  t h e  queue and a l l  p ro -  

cess ing cont inues unchanged. When t h e  FGT issues a DONE s u p e r v i s o r  c a l l ,  

t h e  e n t i r e  foreground queue i s  examined. I f  an "unqueue" e n t r y  i s  found, 

a l l  matching e n t r i e s  which were executed p r i o r  t o  t h e  UNQUEUE a r e  de le ted .  

A f t e r  the  e n t i r e  queue i s  processed, t h e  request w i t h  t h e  h i g h e s t  p r i o r i t y  

i s  g iven c o n t r o l .  I f  two o r  more FGTls a r e  found w i t h  equal  p r i o r i t y ,  t h e  

o l d e s t  e n t r y  i s  g iven  precedence. Once the  FGT i s  g i v e n  c o n t r o l ,  i t  w i l l  

con t inue u n t i l  i t  issues a DONE s u p e r v i s o r  c a l l .  A t  t h a t  t ime, t h e  e n t i r e  

queue w i l l  be examined t o  account f o r  any a d d i t i o n a l  FGTls which may have 

been queued and c o n t r o l  i s  again g iven t o  the  FGT w i t h  t h e  h i g h e s t  p r i o r i t y .  

Real Time Tasks are  c l a s s i f i e d  as e i t h e r  a c o n t r o l l e d  o r  u n c o n t r o l l e d  Real 

Time Task .  The pr imary  d i f f e r e n c e  between t h e  two types o f  Real Time Tasks 

i s  i n  sav ing  t h e  system s t a t u s  and t h e r e f o r e ,  t h e  response t i m e  t o  a p r i o r i t y  

i n t e r r u p t .  
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The e n t r y  p o i n t  o f  a c o n t r o l l e d  RTT i s  s p e c i f i e d  as a parameter t o  the 

ATTACH superv isor  c a l l  r o u t i n e  when the RTT i s  a t tached t o  a s p e c i f i c  

P r i o r i t y  I n t e r r u p t  Level (PIL) .  Completion o f  t he  RTT i s  accomplished 

by execut ion o f  the RETURN superv isor  c a l l  which re tu rns  con t ro l  t o  the  

p o i n t  o f  i n t e r r u p t i o n .  Once the p r i o r i t y  i n t e r r u p t  l e v e l  has been enabled, 

the RTT w i l l  be g iven c o n t r o l  every t ime the i n t e r r u p t  occurs. The RTT 

w i l l  run t o  complet ion unless i t  i s  i n t e r r u p t e d  by a h igher  p r i o r i t y  l e v e l .  

I n  t h i s  case, the  i n t e r r u p t i n g  RTT completes and re tu rns  t o  the  p o i n t  o f  

i n t e r r u p t i o n  as though the  i n t e r r u p t  has n o t  occurred. A c o n t r o l l e d  RTT 

executes i n s t r u c t i o n s  i n  the problem s t a t e  and cannot use the Model 44 Pro- 

gramming System superv isor  serv ices.  

When the c o n t r o l l e d  RTT i s  g iven  c o n t r o l ,  a l l  r e g i s t e r s  and DAMPS f a c i l i t i e s  

are a v a i l a b l e  because the  system has s to red  a l l  r e g i s t e r s  and system s ta tus .  

Uncont ro l led  Real Time Tasks are f u r t h e r  c l a s s i f i e d  i n t o  two types as ex- 

p la ined  below. 

1 .  The uncont ro l led  RTT which never uses the  DAMPS superv isor  s ta te .  

Control  i s  re turned t o  the p o i n t  o f  i n t e r r u p t i o n  by execut ion o f  t he  

LPSX i n s t r u c t i o n .  

2. The uncont ro l led  RTT which receives d i r e c t  c o n t r o l  i n  the superv isor  

s t a t e ,  and can convert  t o  a c o n t r o l l e d  RTT i n  problem s t a t e  i n  o rder  

'to use the DAMPS superv isor .  Contro l  i s  re turned t o  the p o i n t  o f  

i n t e r r u p t i o n  by execut ion o f  the  RETURN superv isor  c a l l .  

Uncont r o l  

unchanged 

must save 

comp 1 e ted  

ed RTT's rece ive  c o n t r o l  d i r e c t l y  w i t h  a l l  r e g i s t e r s  and s ta tus  

Before the  RTT can change the  contents  o f  any r e g i s t e r ,  i t  

the  contents o f  t h a t  r e g i s t e r .  When the  uncont ro l led  RTT i s  

i t  must res to re  a l l  r e g i s t e r s  and system s ta tus  t o  the  cond i t i on  

a t  the t ime the i n t e r r u p t  occurred, and then execute the  LPSX i n s t r u c t i o n  

f o r  a unique l o c a t i o n  def ined f o r  each p r i o r i t y  i n t e r r u p t  l eve l .  

Each analog computer i n  the system i s  considered a separate u n i t  and has 

a unique u n i t  address. The u n i t  address i s  se t  when the system i s  generated 

a i d  i s  i d e n t i f i e d  t o  DAMPS as one of  the  parameters i n  the  FRCBSU sub- 

rou t ine .  * *  
d 
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This section gives a detailed discussion o f  each subroutine which is 

* incldded in the Hybrid Executive. The error messages, storage require- 
, 

ments, and execution times for each subroutine are given in the appendixes. 
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READAD 

The READAD s u b r o u t i n e  generates a channel program t o  pe r fo rm analog/  

d i g i t a l  convers ion w i t h  s e q u e n t i a l  address ing o f  t h e  analog m u l t i p l e x e r  

i n p u t  channels.  The a c t u a l  execu t ion  o f  t h e  1/0 o p e r a t i o n  i s  per formed 

by the FRTIO sub rou t ine .  

The READAD s u b r o u t i n e  i s  executed by a FORTRAN c a l l  statement w i t h  t h e  

f o l l o w i n g  format :  

CALL READAD (RSCCW, N, I C O N ,  LOCA) 

The parameter l i s t  i s  desc r ibed  below: 

RS C CW - Address of t h e  area where t h e  CCW's w i l l  be cons t ruc ted .  

I t  i s  two double words and must be on a double-word boundary 

N - The number o f  analog m u l t i p l e x e r  channels what w i l l  be 

s e q u e n t i a l l y  addressed and conver ted.  

I CON - An i n t e g e r  t h a t  i n d i c a t e d  t h e  o p t i o n s  t h a t  may a p p l y  t o  

t h i s  o p e r a t i o n .  I f  more than one o p t i o n  i s  se lec ted ,  t h e  

v a l u e  o f  I C O N  shou ld  be t h e  sum o f  t h e  codes f o r  each o p t i o n .  

I C O N  = 0 - The o p e r a t i o n  is t o  be performed w i t h  t h e  High-speed M u l t i -  

p l e x o r  channel o p e r a t i n g  i n  m u l t i p l e x  mode, i n t e r n a l  syn- 

c h r o n i z a t i o n  o f  t h e  convers ion r a t e  and w i t h  no c o n t r o l  o f  

t h e  sample and h o l d  a m p l i f i e r s  by t h e  1044. 

I C O N  = 8 - Causes t h e  High-speed M u l t i p l e x o r  Channel t o  o p e r a t e  i n  

b u r s t  mode. 

I C O N  = 2 - Causes t h e  a n a l o g / d i g i t a l  conve rs ion  r a t e  t o  be c o n t r o l l e d  

by an e x t e r n a l  s y n c h r o n i z a t i o n  pu lse .  T h i s  s i g n a l  w i l l  

o r i g i n a t e  f rom a des ignated t e r m i n a t i o n  on t h e  l o g i c  p a t c h  

panel  o f  t h e  analog computer. 

I C O N  = 1 - Enables t h e  1044 H y b r i d  L inkage U n i t  t o  c o n t r o l  t h e  mode of  

t h e  sample and h o l d  a m p l i f i e r s .  

address i s  equal t o  t he  v a l u e  o f  t h e  S t a r t i n g  Address R e g i s t e r  

When t h e  analog m u l t i p l e x e r  



i 

- i n  t h e  1044, t h e  sample and h o l d  a m p l i f i e r s  w i l l  be 

swi tched t o  "HOLD" mode. When t h e  analog m u l t i p l e x e r  

address i s  equal t o  t h e  v a l u e  o f  t h e  Ending Address 

R e g i s t e r  i n  t h e  1044, t h e  sample and h o l d  a m p l i f i e r s  

w i  1 1  be s w i  tched t o  "TRACK" mode. 

LOCA - The name o f  t h e  area where t h e  da ta  from t h e  a n a l o g / d i g i t a l  

c o n v e r t e r  w i l l  be s t o r e d ,  beg inn ing  w i t h  LOCA ( 2 ) .  The 

f i r s t  two by tes  i n  LOCA c o n t a i n  t h e  v a l u e  t o  be sent  t o  t h e  

1044 S t a r t i n g  Address R e g i s t e r  and Ending Address Reg is te r .  

Th is  s p e c i f i e s  t h e  beg inn ing  and ending analog m u l t i p l e x e r  

channels f o r  t h e  s e q u e n t i a l  a n a l o g / d i g i t a l  conversion. They 

must be i n t e g e r s  between 0 and 255 and t h e  va lue  o f  t h e  

S t a r t i n g  Address R e g i s t e r  must be l e s s  than t h e  v a l u e  o f  t h e  

Ending Address Reg is te r .  The remaining area o f  LOCA i s  re-  

served f o r  s t o r i n g  d a t a  f rom t h e  a n a l o g / d i g i t a l  conver te r .  

One ha l f -word  i s  used f o r  each conver te r  value. LOCA i s  

d e f i n e d  a t  INTEGERik2. 

The addresses can be c o n v e n i e n t l y  s e t  by a FORTRAN s t a t e -  

ment, as f o l l o w s :  

LOCA ( 1 )  = (SAik256 + EA) 

I f  an i n c o r r e c t  v a l u e  o f  I C O N  i s  recognized, an e r r o r  message i s  p r i n t e d  

on t h e  console t y p e w r i t e r .  

t h e  console.  I f  I C O N  has a n e g a t i v e  va lue,  t h i s  r o u t i n e  becomes NO-OPT. 

A new v a l u e  f o r  I C O N  may then be en tered  from 
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READAR 

The READAR subrout ine generates a channel program t o  perform ana log /d ig i t a l  

conversion, w i t h  random addressing o f  t he  analog m u l t i p l e x e r  input  channels. 

This subrout ine uses two high-speed m u l t i p l e x e r  subchannel: one t o  ou tpu t  

addresses t o  the analog mu l t i p lexe r ,  and another t o  input  data from the 

ana log /d ig i t a l  converter.  The ac tua l  execut ion o f  t he  1/0 opera t ion  i s  

performed by the FRTIO subrout ine.  

The READAR subrout ine i s  executed by a FORTRAN c a l l  statement w i t h  the  

f o l l o w i n g  format: 

CALL READAR (RRCCW, N, ICON,  LOCA, LOCE) 

The parameter l i s t  i s  descr ibed below: 

RRCCW - Address o f  the area where the CCW's w i l l  be constructed. 

I t  i s  two double words and must be on a double-word boundary. 

N - The number o f  analog m u l t i p l e x e r  channels t h a t  w i l l  be 

addressed i n  random mode and converted. 

i 

I CON - An in tege r  t h a t  i nd i ca tes  the  opt ions tha t  may apply t o  

t h i s  operat ion.  I f  more than one op t i on  i s  se lected,  the  

va lue o f  I C O N  should be the  sum o f  the codes f o r  each op t ion .  

ICON = 4 - I n  order  f o r  the opera t ion  t o  be executed p roper l y  by the 

1044, the  va lue o f  I C O N  must always be equal t o  4 o r  g rea ter .  

I f  I C O N  = 4, the random ana log /d ig i t a l  conversion w i l l  be 

performed w i t h  the  High-speed M u l t i p l e x o r  Channel opera t ing  

i n  m u l t i p l e x  mode, i n t e r n a l  synchronizat ion o f  the  conversion 

r a t e  and w i t h  no con t ro l  o f  the sample and h o l d  a m p l i f i e r s  

by the  1044. 

I C O N  = 2 - Causes the  ana log /d ig i t a l  conversion r a t e  t o  be c o n t r o l l e d  

by an ex te rna l  synchronizat ion pulse.  This s igna l  w i l l  

o r i g i n a t e  from a designated te rmina t ion  on the  l o g i c  patch 

panel o f  the  analog computer. NOTE: I f  t h i s  op t i on  i s  

se lected,  two i s  added t o  the base va lue o f  I C O N  = 4 .  
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I C O N  = 1 - Enables t h e  1044 H y b r i d  Linkage U n i t  t o  c o n t r o l  t h e  mode o f  

t h e  sample and h o l d  a m p l i f i e r s .  When t h e  analog m u l t i p l e x e r  

address i s  equal t o  t h e  comparison address, t h e  sample and 

h o l d  a m p l i f i e r s  w i l l  be s e t  t o  "TRACK" mode. I f  these 

addresses a r e  n o t  equal ,  the  sample and h o l d  a m p l i f i e r s  

a r e  s e t  t o  "HOLD" mode. 

LOCA - The name o f  the  area where t h e  analog m u l t i p l e x e r  addresses 

a r e  s to red .  I t  must be d e f i n e d  by a type  statement as 

INTEGERfc2. The f i r s t  b y t e  conta ins  an i n t e g e r  which i s  t h e  

analog m u l t i p l e x e r  channel address o f  t h e  channel t h a t  w i l l  be 

be converted. The second b y t e  c o n t a i n s  an i n t e g e r  which i s  

a comparison address f o r  sample and h o l d  a m p l i f i e r  c o n t r o l ,  

as d iscussed above. I f  no c o n t r o l  o f  t h e  sample and h o l d  

amp1 i f i e r s  by t h e  1044 i s  des i  red, t h e  comparison address 

i s  n o t  used. 

LOCB - The name o f  the  area where t h e  ,data from t h e  a n a l o g / d i g i t a l  

c o n v e r t e r  w i l l  be s t o r e d .  I t  must be d e f i n e d  by a t y p e  

statement as INTEGERk2. 

I f  an i n c o r r e c t  v a l u e  o f  I C O N  i s  recognized, an e r r o r  message i s  p r i n t e d  

on the  console t y p e w r i t e r .  A new v a l u e  f o r  I C O N  may then be en tered  from 

t h e  console.  I f  I C O N  has a n e g a t i v e  va lue,  t h i s  r o u t i n e  becomes NO-OPT. 

Chained R C B I s  a r e  r e q u i r e d  f o r  p roper  execut ion.  

ts Hybrid Systems, In@= 



RDMUX 

The RDMUX s u b r o u t i n e  generates a channel program t o  i n i t i a l i z e  t h e  1044 f o r  

a s e q u e n t i a l  mode a n a l o g / d i g i t a l  convers ion.  T h i s  s u b r o u t i n e  causes two 

bytes o f  da ta  t o  be t r a n s m i t t e d  t o  t h e  1044 which a r e  loaded i n t o  t h e  S t a r t -  

i n g  Address R e g i s t e r  and t h e  Ending Address R e g i s t e r .  The s u b r o u t i n e  i s  

in tended f o r  use w i t h  the  RDVAL s u b r o u t i n e  t o  pe r fo rm t h e  s e q u e n t i a l  analog/ 

d i g i t a l  convers ion.  The a c t u a l  e x e c u t i o n  o f  t h e  1/0 o p e r a t i o n  i s  per formed 

by t h e  FRTIO subrou t ine .  

The RDMUX s u b r o u t i n e  i s  executed by a FORTRAN c a l l  statement w i t h  t h e  

f o l l o w i n g  fo rma t :  

CALL RDMUX (RDCCW, INT, LAST) 

The parameter l i s t  i s  desc r ibed  below: 

RDCCW - Address o f  t h e  area where t h e  CCW w i l l  be cons t ruc ted .  I t  

i s  a double word and must be on a double-word boundary. 

I NT - An i n t e g e r  t h a t  i n d i c a t e s  t h e  v a l u e  t o  be t r a n s m i t t e d  t o  

t h e  1044 and loaded i n t o  t h e  S t a r t i n g  Address R e g i s t e r .  

I t  must be d e f i n e d  by a t y p e  s tatement  as INTEGERfc2. 

LAST - An i n t e g e r  t h a t  i n d i c a t e s  t h e  v a l u e  t o  be t r a n s m i t t e d  t o  

t h e  1044 and loaded i n t o  t h e  Ending Address Reg is te r .  I t  

must be d e f i n e d  by a t y p e  s tatement  as INTEGERk2. 

Both i n t e g e r s  must be a v a l u e  between 0 and 255 and t h e  v a l u e  o f  INT must 

be l e s s  than t h e  v a l u e  o f  LAST. T h i s  r o u t i n e  i s  n o t  r e q u i r e d s f o r  use w i t h  

t h e  READAD sub rou t ine .  
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RDVAL 

The RDVAL subrout ine  generates a channel program t o  perform a sequent ia l  

ana log /d ig i t a l  conversion on the  analog m u l t i p l e x e r  input  channels, 

i n i t i a l i z e d  p rev ious l y  by the  RDMUX subrout ine.  The ac tua l  execut ion o f  

the 1/0 opera t ion  i s  performed by the  FRTIO subrout ine.  

') 

The RDVAL subrout ine i s  executed by a FORTRAN c a l l  statement w i t h  the  

f o l l o w i n g  format: 

CALL RDVAL (DSCCW, I C O N ,  

The parameter l i s t  i s  descr ibed below: 

N, LOCA) 

DSCCW - 

N - 

I C O N  - 

Address of the area where the CCW w 1 1  be constructeL. 

I t  i s  a double word and must be on a double-word boundary. 

The number o f  analog m u l t i p l e x e r  channels t h a t  w i l l  be 

addressed i n  a sequent ia l  mode and converted. 

An in tege r  t h a t  i nd i ca tes  the op t ions  t h a t  may apply  t o  

t h i s  opera t ion .  I f  more than one op t i on  i s  se lected,  the  

va lue o f  I C O N  should be the  sum o f  t h e  codes f o r  each 

op t ion .  

I C O N  = 0 - 

I C O N  = 8 - 

I C O N  = 2 - 

The opera t ion  i s  t o  be performed w i t h  the high-speed 

m u l t i p l e x o r  channel opera t ing  i n  m u l t i p l e x  mode, i n t e r n a l  

synchronizat ion o f  the conversion r a t e  and w i t h  no con- 

t r o l  o f  the sample and ho ld  a m p l i f i e r s  by the  1044. 

Causes the high-speed m u l t i p l e x o r  channel t o  operate i n  

bu rs t  mode. 

Causes the  ana log /d ig i t a l  conversion r a t e  t o  be c o n t r o l l e d  

by an ex te rna l  synchron iza t ion  pulse.  This s igna l  w i l l  

o r i g i n a t e  from a designated te rmina t ion  on the  l o g i c  patch 

panel o f  the  analog computer. 

31 

ti Hybrid Systems, lno- 



ICON = 1 - Enables the 1044 Hybrid Linkage Unit to control the mode of 
the sample and hold amplifiers. 
address is equal to the value of the Starting Address Register 
in the 1044, the sample and hold amplifiers will be switched 
to "TRACK" mode. 

When the analog multiplexer e -1 

LOCA - The name of the area where the data from the analog/digital 
converter will be stored. It must be defined as INTEGER*2. 

If an incorrect value of ICON is recognized, an error message is printed on 
the console typewriter. 
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WRITDA 

The WRITDA subrout ine generates a channel program t o  perform d i g i t a l / a n a l o g  

conversion w i t h  e i t h e r  sequent ia l  o r  random addressing o f  the  d i g i t a l / a n a l o g  

converters.  The ac tua l  execut ion o f  t he  1/0 opera t ion  i s  performed by t h e  

FRT I O  sub rou t  i ne. 

', '1 
i 

The WRITDA subrout ine i s  executed by a FORTRAN c a l l  statement w i t h  the  

f o l  lowing format: 

CALL WRITDA (WTCCW, I C O N ,  NW, LOCA) 

The parameter l i s t  i s  descirbed below: 

WTCCW - The address o f  the  area where the  CCW's w i l l  be constructed. 

I t  i s  a two double words and must be on a double-word boundary. 

NW - The number o f  d i g i t a l / a n a l o g  conver ters  t h a t  w i l l  be se- 

q u e n t i a l l y  o r  randomly addressed and converted. 

I CON - An in tege r  t h a t  i nd i ca tes  the  op t ions  t h a t  may apply t o  

t h i s  operat ion.  I f  more than one op t i on  i s  se lected,  the  

va lue o f  I C O N  should be the  sum o f  t he  codes f o r  each op t ion .  

I C O N  = 0 - The opera t ion  i s  t o  be performed w i t h  the  High-speed M u l t i -  

p lexo r  Channel opera t ing  i n  m u l t i p l e x  mode, sequent ia l  

addressing o f  the d i g i t a l / a n a l o g  converters,  i n t e r n a l  syn- 

ch ron iza t i on  o f  t h e  conversion r a t e  and w i t h  no double 

b u f f e r i n g  o f  the conver te r  inpu t  data. 

I C O N  = 8 - Causes the  High-speed M u l t i p l e x o r  Channel t o  operate i n  

bu rs t  mode. 

I C O N  = 4 - Ind ica tes  t h a t  the  d i g i t a l / a n a l o g  conver ters  w i l l  be addressed 

i n  random mode. Note t h a t  the data tab les  a r e  organized 

d i f f e r e n t l y  f o r  sequent ia l  and random addressing. 
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I C O N  = 2 - Causes t h e  d i g i t a l / a n a l o g  convers ion r a t e  t o  be c o n t r o l l e d  

by an e x t e r n a l  synch ron iza t i on  pulse.  T h i s  s i g n a l  w i l l  

o r i g i n a t e  from a designated t e r m i n a t i o n  on t h e  l o g i c  pa tch  

panel o f  t he  analog computer. 

.B 

I C O N  = 1 - Causes t h e  d i g i t a l / a n a l o g  convers ion  t o  be performed w i t h  

double b u f f e r i n g  o f  t h e  i n p u t  t o  t h e  conver te rs .  Double 

b u f f e r i n g  operates as f o l l o w s  when s e q u e n t i a l  address ing 

i s  used: 

UybrTd Systems. Inom 

Each t ime a word i s  t r a n s f e r r e d  from t h e  1044, i t  i s  loaded 

i n t o  the i n p u t  b u f f e r  r e g i s t e r  o f  t h e  addressed conver te r .  

When a comparison i s  made w i t h  t h e  v a l u e  o f  t h e  Endir,g 

Address Reg is te r ,  a jam t r a n s f e r  occurs from the  i n p u t  

b u f f e r  r e g i s t e r  t o  the convers ion c o n t r o l  r e g i s t e r  and 

the  convers ion i s  i n i t i a t e d  s imu l taneous ly  on a l l  channels. 

When random addressing i s  used, double b u f f e r i n g  operates 

as f o l l o w s :  

The c o n v e r t e r  address i s  t h e  f i r s t  b y t e  o f  t h e  address word, 

which i s  compared w i t h  t h e  comparison address i n  t h e  second 

b y t e  of  t h e  address word. 

jam t r a n s f e r  occurs f rom t h e  i n p u t  b u f f e r  r e g i s t e r  t o  t h e  

convers ion c o n t r o l  r e g i s t e r  and t h e  convers ion  i s  i n i t i a t e d  

s imu l taneous ly  on a l l  channels. I f  t h e  addresses a r e  n o t  

equal ,  t h e  da ta  i s  t r a n s f e r r e d  t o  t h e  i n p u t  b u f f e r  r e g i s t e r  

and t h e  convers ion  i s  n o t  i n i t i a t e d .  

I f  t h e  addresses a r e  equal ,  t h e  

LO CA - The name of  t h e  area where t h e  d a t a  t a b l e  i s  s t o r e d  i n  

memory. The format  o f  t h e  da ta  t a b l e  i s  d i f f e r e n t  f o r  

s e q u e n t i a l  and random mode address ing as desc r ibed  below. 

I t  i s  d e f i n e d  by a t ype  s tatement  as INTEGER-1;2. 

I n  t h e  s e q u e n t i a l  address ing mode, t h e  f i r s t  two by tes  o f  

LOCA c o n t a i n  t h e  v a l u e  t o  be sen t  t o  t h e  1044 S t a r t i n g  

Address R e g i s t e r  and Ending Address R e g i s t e r  f o r  d i g i t a l /  

analog convers ion.  These va lues s p e c i f y  t h e  beg nn ing  and b 

9 

34 



' i  

SAR 

ending d i g i t a l / a n a l o g  conver te rs  address f o r  t h e  sequent ia l  

convers ion.  They must be an i n t e g e r  between 0 and 255 and 

t h e  v a l u e  o f  the  S t a r t i n g  Address R e g i s t e r  must be l e s s  than 

t h e  v a l u e  o f  t h e  Ending Address Reg is te r .  The remaining 

area o f  LOCA i s  reserved f o r  t h e  da ta  which w i l l  be t r a n s -  

f e r r e d  t o  t h e  d i g i t a l / a n a l o g  conver te rs .  The area f o r  

LOCA must be equal t o  NW + 1 .  

EAR 

The addresses can be c o n v e n i e n t l y  s e t  by a FORTRAN s t a t e -  

ment, as f o l l o w s :  

LOCA (1)  = -  (SA;k256 + EA) SA and EA a r e  i n t e g e r s  

Data Table f o r  Sequent ia l  Mode D i g i t a l / A n a l o g  Conversion 

DATA (NW) I 
I n  t h e  random address ing mode, t h e  da ta  and c o n v e r t e r  ad- 

dresses a r e  s t o r e d  i n  a l t e r n a t i n g  hal f -words.  The f i r s t  

ha l f -word  conta ins  t h e  address o f  t h e  conver te r  i n  t h e  f i r s t  

b y t e  and a comparison and address i n  t h e  second byte.  .If 

double b u f f e r i n g  i s  n o t  used, t h e  comparison address i s  n o t  

requ i red .  The nex t  ha l f -word  c o n t a i n s  t h e  data word f o r  t h e  

d i g i t a l / a n a l o g  conver te r .  The area f o r  LOCA must be equal 

t o  2NW. 

35 

cf6 Hybrid Systems, Ino. 



Data Table f o r  Random Mode D i g i t a l / A n a l o g  Conversion 

A1 CA 
I 

DATA ( 1 )  

P+ DATA (2) 

ANW I CA 

I DATA (NW) I 
I I 

I f  an i n c o r r e c t  va lue  of ICON i s  recognized, an e r r o r  

message i s  p r i n t e d  on t h e  consc le  t y p e w r i t e r .  A new 

va lue  f o r  I C O N  may then be en tered  from t h e  console.  

Chained R C B ’ s  a r e  r e q u i r e d  f o r  p roper  execut ion  (random 

address i ng) . 
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WTMUX 

The WTMUX subrout ine generates a channel program t o  i n i t i a l i z e  t h e  IO44 
f o r  a sequent ia l  mode d i g i t a l / a n a l o g  conversion. This  subrout ine causes 

two bytes o f  data t o  be t ransmi t ted  t o  t h e  1044 which a r e  loaded i n t o  

the S t a r t i n g  Address Regis ter  and the Ending Address Regis ter .  The sub- 

r o u t i n e  is intended f o r  use w i t h  the  WTVAL subrout ine  t o  perform t h e  

sequent ia l  d i g i t a l / a n a l o g  conversion. The ac tua l  execut ion o f  t h e  1/0 

opera t ion  i s  performed by the  FRTIO subrout ine.  

-1 

The WTMUX subrout ine i s  executed by a FORTRAN c a l l  statement w i t h  the  

f o l l o w i n g  format:  

CALL WTMUX (WRCCW, INT, LAST) 

The parameter l i s t  i s  descr ibed below: 

WRCCW - Address o f  t he  area where the  CCW w i l l  be constructed. I t  

i s  a double word and must be on a double-word boundary. 

I NT - I n  i n tege r  t h a t  i nd i ca tes  the va lue t o  be t ransmi t ted  t o  

the  1044 and loaded i n t o  the  S t a r t i n g  Address Regis ter .  

I t  must be def ined by a type statement as INTEGERk2. 

LAST - An i n tege r  t h a t  i nd i ca tes  the  va lue t o  be t ransmi t ted  t o  

the  1044 and loaded i n t o  the  Ending Address Regis ter .  I t  

must be de f ined by a type  statement as INTEGERk2. 

Both in tegers  must be a va lue between 0 and 255 and the  va lue o f  INT must 

be less than the  value o f  LAST. This r o u t i n e  i s  n o t  requi red f o r  use w i t h  

the  WRITDA subrout ine.  
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WTVAL 

-H 

The WTVAL subroutine generates a channel program to perform a sequential 
digital/analog conversion of the digital/analog converters initialized 

perviously by the WRMUX subroutine. The actual execution of the 1/0 

operation is performed by the FRTIO subroutine. 

Uybrid Systems, Ira. 

The WTVAL subroutine is executed by a FORTRAN call statement with the 
following format: 

CALL WTVAL (WSCCW, ICON, N, LOCA) 

The parameter list is described below: 

WSCCW - The address of the area where the CCW will be constructed. 
It is a double word and must be on a double-word boundary. 

N - The number of digital/analog converters that will be 
sequentially addressed and converted. 

I CON - An integer that indicates the options that may apply to 
this operation. If more than one option is selected, the 
value of ICON should be the sum of codes for each option. 

ICON = 0 - The operation is to be performed with the high-speed multi- 

plexor channel operating in multiplex mode, sequential 
addressing, internal synchronization and with no double 
buffering of the converter input data. 

ICON = 8 - Causes the high-speed multiplexor channel to operate in 
burst mode. 

ICON = 4 - Invalid. 

ICON = 2 - Causes the digital/analog conversion rate to be controlled 

by an external synchronization pulse. 

ICON = 1 - Causes the digital/analog conversion to be performed with 
double buffering of the input to the converters. Refer to 
the WRITDA subroutine description for additional information. 5 - r )  

,I 
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SENSE 

B- Hybrid Systems, ha= 

The SENSE subrout ine generates a channel program t o  read the  sense l i n e s  

i n  the 1044 which a r e  terminated on the  l o g i c  patch panel o f  the  analog 

computer. The ac tua l  execut ion o f  the  1/0 opera t ion  i s  performed by the 

FRTIO subrout ine.  

The SENSE subrout ine  i s  executed by a FORTRAN c a l l  statement w i t h  the  fo l l ow-  

ing  format:  

CALL SENSE (SCECCW, LOC, NB) 

The parameter l i s t  i s  descr ibed below: 

SCECCW - Address o f  the area where the  CCW w i l l  be constructed. I t  

i s  a double word and must be on a double-word boundary. 

LOC - The name o f  the area where the  data from the  sense l i n e s  

w i l l  be s tored.  The f i r s t  two bytes conta in  the  c o n d i t i o n  

o f  the  f i r s t  group o f  s i x teen  sense l i n e s .  I t  i s  def ined 

by a type statement as INTEGERft2. 

NE - The number o f  bytes o f  sense in fo rmat ion  read by t h i s  

operat ion.  The number o f  bytes must always be equal t o  

an even in teger ,  as the  sense 1 ines a r e  read i n  groups 

o f  s i x teen  l i n e s .  
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CONTRL 

fs 

The CONTRL subrout ine generates a channel program t o  t r a n s f e r  data t o  the  

c o n t r o l  l i n e s  i n  the  1044 which a re  terminated on the  l o g i c  patch panel 

o f  the analog computer. The ac tua l  execut ion of t he  1/0 opera t ion  i s  

performed by the FRTIO subrout ine.  

Ugbrld Systems, laom 

The CONTRL subrout ine i s  executed by a FORTRAN c a l l  statement w i t h  the  

f o l l o w i n g  format: 

CALL CONTRL (CONCCW, LOC, NB) 

The parameter l i s t  i s  descr ibed below: 

CONCCW - Address of the  area where the  CCW w i l l  be constructed. I t 

i s  a double word and must be on a double-word boundary. 

LO c - The name o f  the  area where the  data t o  be t rans fe r red  t o  

the  c o n t r o l  l i n e s  w i l l  be stored. The f i r s t  two bytes 

conta in  the  c o n d i t i o n  t h a t  w i l l  se t  the  f i r s t  group o f  

s i x teen  c o n t r o l  l i nes .  I t i s  def ined by a type statement 

as INTEGERA2. 

NB - The number of bytes of c o n t r o l  in fo rmat ion  t o  be t rans-  

f e r r e d  by t h i s  operat ion.  

be equal t o  an even in tege r  as the  c o n t r o l  l i n e s  a r e  se t  

i n  groups o f  s i x teen  l i n e s .  

The number o f  bytes must always 
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MODE 

The MODE subrout ine generates a channel program t h a t  w i l l  i ssue a mode 

c o n t r o l  command t o  the analog computer. The ac tua l  execut ion o f  t h e  

1/0 opera t ion  i s  performed by t h e  FRTIO subrout ine.  

' 1  

The MODE subrout ine i s  executed by a FORTRAN c a l l  statement w i t h  t h e  

f o l l o w i n g  format:  

CALL MODE (MODCCW, M) 

The parameter 1 i s t  i s  descr ibed below: 

MODCCW - Address o f  the  area where the  CCW w i l l  be const ructed.  I t  

i s  a double word and must be on a double-word boundary. 

M - An in tege r  t h a t  i d e n t i f i e s  the  mode o f  the  analog computer. 

I t  i s  de f ined by a type statement as INTEGERik2. 

M = 17 - S t a t i c  Test (ST) 

M = 10 - Rate Test (RT) 

M = 4 - Hold (HD) 

M = 8 - Operate (OP) 

M = 16 - I n i t i a l  Cond i t ion  ( I C )  

M = 32 - Potent iometer Set (PS) 

I f  M i s  no t  equal t o  any o f  the above values, t h i s  subrout ine se ts  the mode 

of  i n i t i a l  Condi t ion and types an e r r o r  message on the  console t ypewr i te r .  
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ANALOG 

The ANALOG s u b r o u t i n e  generates a channel program t o  per form readout o f  

components i n  t h e  addressed analog computer. The o p e r a t i o n  i s  performed 

by the  use o f  two high-speed m u l t i p l e x o r  subchannels. One subchannel 

t r a n s f e r s  t h e  address of  t h e  component t o  t h e  address system o f  t h e  analog 

computer and t h e  o t h e r  subchannel issues a d i r e c t  read command t o  read o u t  

t h e  v a l u e  o f  t h e  addressed component. The a c t u a l  execut ion  o f  t h e  1/0 

o p e r a t i o n  i s  performed by t h e  FRTlO subrout ine .  

The ANALOG s u b r o u t i n e  i s  executed by a FORTRAN c a l l  statement w i t h  the  

f o l l o w i n g  format :  

CALL ANALOG (ANACCW, N, NAME, LOCA) 

The parameter l i s t  i s  descr ibed below: 

ANACCW - Address o f  t h e  area where t h e  C C W ’ s  w i l l  be cons t ruc ted .  I t  

i s  two double words and must be on a double-word boundary. 

N - An i n t e g e r  t h a t  s p e c i f i e s  t h e  number o f  analog components 

t h a t  w i l l  be addressed and read ou t .  

NAME - The name o f  an a r r a y  t h a t  con ta ins  t h e  analog component 

addresses. The names o f  t h e  analog components a r e  s t o r e d  

i n  A 4  format.  The address i s  f o u r  charac ters ,  w i t h  t h e  

f i r s t  d i g i t  i d e n t i f y i n g  t h e  t y p e  o f  components, f o l l o w e d  

by a t h r e e - d i g i t  number. i f  the  component number i s  l e s s  

than t h r e e  d i g i t s ,  t h e  l e a d i n g  zeros must be inc luded 

(b lanks  a r e  n o t  v a l i d ) .  

as f o l  lows: 

The compwent i d e n t i f i c a t i o n s  a r e  

A A m p l i f i e r  

P A t t e n u a t o r  

M 

T Trunk 

F F ixed Diode Funct ion  Generator 

Q u a r t e r  Square Mu1 t i p 1  i e r  

X M u l t i p l e  
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i f  one of the potentiometers does not null properly, a signal is sent to 
the 1044. This causes an error message to be typed on the console type- 
writer giving the pot address. 
execution and attempt to set the remainder of the pots in the list. When 
the subroutine has completed execution, it will cause a message to be typed 
on the console typewriter indicating the pots that the operator should 
attempt to set manually. When this task is complete, the operator presses 
EOB and the job continues. 

The subroutine will then continue with 

PSRCB - Address of the RCB setup by FRCBSU that POTSS will use. 
This RCB should reference subchannel B of the High-speed 
Multiplexor Channel. 
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CCWCB 

The CCWCB subrout ine i s  an assembler language subrout ine used by each o f  

the subrout ines i n  the  Hybr id  Execut ive t o  generate the  channel programs. 

The parameters i n  the  c a l l i n g  sequence a re  the  inputs  t o  the  subrout ine 

t h a t  a re  decoded i n t o  the  requ i red  f i e l d s  t o  cons t ruc t  t he  Channel Command 

Words (CCW). 

The CCWCB subrout ine i s  executed by a FORTRAN c a l l  statement w i t h  the 

f o l l o w i n g  format: 

CALL CCWCB (CCWADR, COMBTE, OPCODE, ARRAY, COUNT) 

The parameter l i s t  i s  descr ibed below: 

CCWADR - The address o f  the  area where the  CCW w i l l  be constructed. 

I t  i s  a double word and must be on a double-word boundary. 

COMBTE - The command code which s p e c i f i e s  the  command t o  be executed. 

t h e  CCW. It i s  def ined by a type statement as B i t s  0 - 7 o f  

I NTEGER9c2. 

OPCODE - The f l a g  code 

the CCW. I t  

I f  more than one op t i on  i s  

which 

s de f  

e l e c t  

s p e c i f i e s  the  use o f  the  f l a g  b i t s  i n  

ned by a type statement as INTEGER;k2. 

d, the  value o f  OPCODE should be the  sum 

o f  the codes f o r  each opt ion.  

B i t s  32 - 36 of the  CCW a r e  def ined as f o l  lows: 

OPCODE = 16 ( B i t  32) Chain-Data Flag 

OPCODE = 8 ( B i t  33) Chain-Command Flag 

OPCODE = 4 ( B i t  34) Supress-Length-Indication 

OPCODE = 2 ( B i t  35) Sk ip F lag 

OPCODE = 1 ( B i t  36) Programmed-Control l e d - I n t e r r u p t i o n  

ARRAY - The data address f i e l d  o f  the CCW which s p e c i f i e s  t h e  

address o f  the  f i r s t  l o c a t i o n  o f  the  area designated by 

the  CCW. 
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COUNT - The count f i e l d  o f  the  CCW which s p e c i f i e s  the  number o f  

by te  loca t ions  i n  the  storage area designated by the CCW. 

Ygbrid Sr(rrtcas, lnc. 

This subrout ine i s  a se rv i ce  rou t i ne  used by the  o ther  Hybr id  Executive 

subroutines. 

a specia l  f unc t i on  not  included i n  the  system. No checking f o r  v a l i d  

parameter d e f i n i t i o n  i s  done w i t h i n  t h i s  rou t ine .  

It may be used f o r  generating a channel program t o  perform 

?K 
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PROBCK 

'cf: 

The PROBCK s u b r o u t i n e  performs a check o f  t h e  w i r i n g  o f  a problem on t h e  

analog p a t c h  panel and checks t h e  s t a t i c  accuracy o f  t h e  analog computer. 

The program performs c a l c u l a t i o n s  on a s e r i e s  o f  parameter groups repre-  

s e n t i n g  t h e  p a t c h i n g  c o n f i g u r a t i o n  on t h e  analog pa tch  panel  and then com- 

pares these r e s u l t s  t o  a computed va lue .  The i n p u t  s i g n a l s ,  t h e  computed 

va lue,  t h e  a c t u a l  v a l u e  read from t h e  analog computer, and t h e  d i f f e r e n c e  

between t h e  c a l c u l a t e d  and a c t u a l  v a l u e  a r e  then p r i n t e d  on t h e  l i n e  

p r i n t e r .  Patch ing e r r o r s  o r  a component f a i l u r e  a r e  r e a d i l y  de tec ted  

by t h i s  technique. 

llybrld Systems. Ire. 

The PRQBCK s u b r o u t i n e  may be s t o r e d  i n  r e l o c a t a b l e  form and c a l l e d  by 

another  FORTRAN subrout ine .  I t  r e q u i r e s  t h e  use o f  t h e  card  reader and 

p r i n t e r ,  i n  a d d i t i o n  t o  t h e  1044 and i s  designed t o  opera te  under DAMPS. 

The program which c a l l s  PROBCK must per fo rm the  DAMPS i n i t i a l i z a t i o n  by 

c a l l  i n g  FIDRTJ. 

The i n p u t  t o  PROBCK i s  v i a  t h e  card  reader.  Each card  may c o n t a i n  up t o  

f o u r  parameter groups where one parameter group i d e n t i f i e s  an o p e r a t i o n  3 
t o  PROBCK. A number o f  parameter groups i d e n t i f i e s  t h e  p a t c h i n g  c o n f i g u r a -  

t i o n  be ing  checked. The parameter group inc ludes t h e  f o l l o w i n g :  

1 .  Analog component address, COMVAL 

2. D i g i t a l  cons tan t  m u l t i p l i e r ,  FAC 

3 .  i n t e g e r  number i n d i c a t i n g  t h e  o p e r a t i o n  t o  be performed, I D  

The PROBCK program performs t h e  o p e r a t i o n  s p e c i f i e d  by t h e  i d e n t i f i e r ,  I D ,  

on t h e  v a l u e  read from t h e  addressed analog component, COMVAL, and then 

m u l t i p l i e s  by t h e  v a l u e  s p e c i f i e d  by t h e  m u l t i p l i e r ,  FAC. The v a l u e  ca lcu-  

l a t e d  f o r  each parameter group i s  summed and compared t o  t h e  v a l u e  o f  t h e  

l a s t  component i n  t h e  group (which represents  the  l e f t  s i d e  o f  t h e  equat ion  

i n  FORTRAN n o t a t  i o n ) .  

Each t i m e  a c a l c u l a t i o n  i s  performed, an e r r o r  cons tan t  f o r  t h e  s p e c i f i e d  

type  o f  dev ice  i s  added t o  t h e  va lue  o f  t h e  maximum a l l o w a b l e  e r r o r .  When 

a l l  o f  t h e  c a l c u l a t i o n s  f o r  a s e t  o f  parameter groups have been performed, 
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t h e  maximum a l l o w a b l e  e r r o r  i s  compared w i t h  t h e  d i f f e r e n c e  between t h e  

c a l c u l a t e d  v a l u e  and t h e  a c t u a l  value. The r e s u l t s  a r e  p r i n t e d  on t h e  

1 i n e  p r i n t e r .  

. +  

3 

The component names 

summarized below: 

A 

P 

M 

T 

F 

X 

N 
S 

C 

D 

i n  COMVAL a r e  the  same as used w i t h  s u b r o u t i n e  ANALOG, 

Amp1 i f  i e r  

A t t e n u a t o r  

Q u a r t e r  Square Mu1 t i p 1  i e r  

Trunk 

F ixed Diode Funct ion  Generator 

Mu1 t i p l e  

Sin/Cos Generator 

Sample/Hold A m p l i f i e r  

Check ( I n i t i a l  D e r i v a t i v e )  

D i g i t a l / A n a l o g  M u l t i p l i e r  

The i n t e g e r  number, ID, which i n d i c a t e s  t h e  o p e r a t i o n  t o  be performed, 

causes t h e  execut ion  o f  one o f  t h e  f o l l o w i n g  r o u t i n e s :  
‘r 
d 

I D  = 0 

I D  = 1 

ID = 2 

I D  = 3 
I D  = 4 
ID = 5 
I D  = 6 
I D  = 7 
I D  = 8 
I D  = 9 

C a l c u l a t e  t h e  produce o f  COMVALgcFAC 

C a l c u l a t e  t h e  loglo o f  COMVAL 

C a l c u l a t e  t h e  S in  o f  COMVAL 

C a l c u l a t e  t h e  A r c s i n  o f  COMVAL 

C a l c u l a t e  t h e  square r o o t  o f  COMVAL 

C a l c u l a t e  t h e  Cos o f  COMVAL 

C a l c u l a t e  t h e  Arccos o f  COMVAL 

C a l c u l a t e  t h e  e x p o n e t i a l  o f  COMVAL 

C a l c u l a t e  t h e  produc t  o f  two sequent ia l  values o f  COMVAL, X + Y 

C a l c u l a t e  t h e  q u o t i e n t  o f  two sequent ia l  va lues o f  COMVAL, X/Y.  

The f u n c t i o n s  performed by each o f  t h e  r o u t i n e s  s p e c i f i e d  by I D  a r e  as 

f o l l o w s :  

ID = 1 COMVAL (M) = ALOGlO (ABS(C0MVAL (M) ) )  

i D  = 2 COMVAL (M) = S I N  (COMVAL(M)) 

Maximum e r r o r  f a c t o r  = 40 m i  1 1  i v o l  t s  

Maximum e r r o r  f a c t o r  = 40 m i l l i v o l t s  
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I D  = 3 COMVAL (M) = ARSlN  (COMVAL(M)) 
Maximum e r r o r  f a c t o r  = 80 m i  1 1  i v o l t s  

. T B  

ID = 4 COMVAL' (M) = SQRT (ABS(COMVAL(M)))/lO 
Maximum e r r o r  f a c t o r  = 50 m i l l i v o l t s  

Uylrid Systems, lac. 

ID = 5 COMVAL (M) = COS (COMVAL(M)) 
Maximum e r r o r  f a c t o r  = 40 m i l l i v o l t s  

I D  = 6 COMVAL (M) = ARCOS (COMVAL(M)) 
Maximum e r r o r  f a c t o r  = 80 m i l l i v o l t s  

ID 7 COMVAL (M) = EXP (COMVAL(M) x 2303)/50 
Maximum e r r o r  f a c t o r  = 100 m i l l i v o l t s  

I D  = 8 COMVAL (M+ l )  = (COMVAL (M) x COMVAL (M+1)/100 
Maximum e r r o r  f a c t o r  = 50 m i l l i v o l t s  

I D  = 9 COMVAL (M+ l )  = COMVAL (M)/COMVAL (M+1))/100 

Maximum e r r o r  f a c t o r  = 100 m i l l i v o l t s  

The card format i s  as shown below: 

Co 1 umn 

1 - 4  
5 - 1 1  

12 - 13 
14  - 18 

19 = 22 

23 - 29 

30 - 31 
32 - 36 
37 - 40 

41 - 47 
48 - 49 

50 - 54 
55 - 58 
59 - 65 
66 - 67 
68 - 73 
74 

Component name, COMVAL Parameter group 1 

D i g i t a l  M o d i f i e r ,  FAC 

D i g i t a l  rou t ine ,  ID 
Not used 

Component name 

D7g i ta l  M o d i f i e r  

Di'gi t a l  r o u t i n e  

Not used 

Component name 

D i g i t a l  M o d i f i e r  

D i g i t a l  r o u t i n e  

Not used 

Component name 

D i g i t a l  Mod i f ie r  

D i g i t a l  r o u t i n e  

Parameter group 2 

Parameter group 3 

Parameter group 4 

Not used 

Card Type, 1 designates more data cards fo l l ow ,  0 designates 
l a s t  card 



COMVAL - Four characters  t o  i d e n t i f y  the  ana 

(A4 format)  

FAC - Seven d i g i t s  i nc lud ing  s ign  and dec 

mod i f i e r  (F7.2 format) 

og component add res s 

mal p o i n t  f o r  d i g i t a l  

ID - Two-d ig i t  i n tege r  between 0 and 9 des ignat ing the  opera t ion  

t o  be performed (12 format) .  
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APPENDIX A - STORAGE REQUIREMENTS 

Appendix A conta ins the s torage requirements f o r  t h e  Hybr id  Execut ive sub- 

rou t ines .  The f i gu res  given do no t  inc lude any a d d i t i o n a l  l i b r a r y  sub- 

programs o r  DAMPS subrout ines t h a t  the  subrout ine uses dur ing  execut ion.  

NUMBER OF BYTES 

ROUT1 NE HEXADECIMAL DEC I MAL 

MODE 

READAD 

READAR 

CONTRL 

SENSE 

ANALOG 

WR I TDA 

RDVAL 

WTVAL 

RDMUX 

WTMUX 

POTSS 
CCWCB 

PROBCK 

2C8 

3D4 
3BO 

1 FO 

1 FO 

620 

478 
354 
354 
218 

21 8 
E10 

D 8  

104 

71 2 

980 

844 

396 
396 

1570 

1144 

852 

852 

5 40 

5 40 

3590 

216 

260 

A- 1 
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APPENDIX  B - ERROR RECOVERY PROCEDURES AND MESSAGES 

"'2 
Appendix B c o n t a i n s  a l i s t i n g  o f  a l l  o f  t h e  e r r o r  messages g i v e n  by t h e  

H y b r i d  Execu t i ve  s u b r o u t i n e s  w i t h  a b r i e f  d i s c u s s i o n  o f  each message. 

DAMPS e r r o r  messages a r e  i nc luded .  

No 

ROUT I NE 

MODE 

READAD 

READAR 

CONTRL 

SENSE 

ANALOG 

WR 1 TDA 

RDVAL 

WTVAL 

RDMUX 

WTMUX 

CCWCB 

ME S SAG E/ RE C OV E RY 

WARNING. . .INVALID MODE CODE. MODE DEFAULTS TO I C .  No 

o p e r a t o r  a c t i o n .  

RANDOM MODE NOT VALID I N  READAD. ENTER I C O N  FROM CONSOLE . . . 
EOB. En te r  new I C O N  as f o u r  d i g i t s .  EOB. 

SEQUENTIAL ORDER OR BURST MODE NOT VALID I N  READAR 

ENTER I C O N  FROM CONSOLE . . . EOB. En te r  new I C O N  as 

f o u r  d i g i t s .  EOB. 

No message. 

No message. 

No message. 

ENTER I C O N  FROM CONSOLE . . . EOB. En te r  new I C O N  as f o u r  

d i g i t s .  EOB. 

I C O N  = I D  DENOTES RANDOM. INVALID I N  RDVAL. 

En te r  new I C O N  as f o u r  d i g i t s .  EOB. 

I C O N  = I D  DENOTES RANDOM, INVALID I N  WTVAL. 

En te r  new I C O N  as fou r  d i g i t s .  EOB. 

No message. 

No message. 

No message. 

B- 1 
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PROBCK ENTER CONSOLE I D .  0 OR 1 .  

En ter  0 o r  1 from keyboard. EOB. 

ENTER MODE CODE AS I N  H Y B R I D  PROGRAM LIBRARY. 

Enter  two d i g i t s  f rom keyboard. EOB. 

16 = I n i t i a l  C o n d i t i o n  Mode ( IC)  

32 = Pot  Set Mode (PS) 

The mode entered  w i  1 1  be t h e  mode t h e  components a r e  

read in. 

POTSS VALUE FOR POT XXXX INVALID 

REENTER VALUE . . . EOB. En ter  v a l u e  as fou r  d i g i t s .  

POT I D  XXXX INVALID REENTER POT I O .  

En ter  p o t  I D  as f o u r  charac ters .  

SET MODE TO POT SET IS  NOT B E I N G  DONE 

PAUSE 0. Analog console i s  n o t  responding 

t o  t h e  d i g i t a l  command. 

SET ABOVE INDICATED POTS BY HAND, THEN . . . EOB. 

Set POTS then EOB. 

RESIDUAL COUNT = 0 

The l a s t  p o t  has f a i l e d  t o  n u l l .  

Note: Analog channel addresses a r e  - n o t  checked f o r  v a l i d i t y  i n  the  r o u t i n e s  

READAD, READAR E, WRITDA. 
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e minus signs used on t h e  r i g h t  hand s i d e  denote t h e  
ceornplished when the i npu t  signals pass through 

he analog amp.Iifi@se 

The r i g h t  hand s i d e  f o r  DAn (man$), s l ioi~s inversion 
ion by PI), This is  necessary because  the SS-  
res  t h e  d e r i v a t i v e  inputs easing the o u t p u t  of a 
1 amplifier with a g a i n  Of l/lO* 

LIMT is a func t ion  8 r o u t i n e  of rnASET used to 
based Q E ~  input  signa2 usimg a s e t  of 

SET statements are  p r o c e d u r a l  i n  the FORT 
t hand s i d e  terms must in someway be defi 
l e f t  hand s i d e  can be c a l c u l a t e d .  T 
esence i n  most analog loops make s t a  

s t r a i g h t  forward since t h e i r  static value 
is equivalent to t h e i r  i n i t i a %  condition v a l u e ,  e , g ,  

SA4(08)  = -(lOO,O W 3 ( O 8 ) )  

c i~ses  a l g e b r a i c  loops w i l l  be p r e s e n t  which re-= 

mnents, Note d i scusses  the t reatment  of these 
i t e r a t i v e  p r  cess to seek a s t a t i c  v a l u e  for aEP 



e r t a i n  ~~~~~~ diagrams will c o n t a i n  algebraic  ]loops such as 

es ~~~~~~ to compute the s u t p u  
is not  calculated itself unti 

inserting these t w o  statements ahead, 
theoretical value E m  these elements modi 



DO 33 I = 1, 50 

T h i s  method will p r o v i d e  A 2 ( 2 6 )  w i t h  an i n i t i a l  v a l u e  
for use i n  t h e  SAO(O2) computat ion,  e t c ,  F i n a l l y  
SA2(26] &rill g e t  a new va lue  = - ( A 1 ( 0 4 ) )  which will 

e u s e d  t o  compute a aatw % 0 ( 0 2 ) .  I f  thc  loop i s  convergent  
i t h i n  50 i t e r a t i o n s ,  t h e n  1 \ 2 ( 2 4 ) ,  A 0 ( 0 2 ) ,  and A l [ 0 4 >  have 
heo re t i ca l  v a l u e s ,  I f  t h e  1 ~ 0 p  i s  d i v e r g e n t  t h e  v a l u e s  

r o b a h l y  c a u s e  1 0 0  v o l t s  t o  be  exceeded 
d m t i f y  these  components r e a d i l y .  I f  -the 
ry t h i s  f a c t  may escape detection 
he ampditalde i s  w i t R i n  - + % O O  v o l t s .  

s imp ly  wr i t e  elre s t a t e m e n t s  as  p lanned ,  

s t i l l  be computed p r o p e r 1  
i n  t h e  OUTFIJTS S ~ C ~ ~ Q T I ,  

a IBOt  be  used  t o  ' ca l cu la t e  theoret ical  

113, ampPifier nn2,  will occur ,  b u t  may b e  r e a d i l y  
~~~~~~~~~~ to lack of proper t h e a s e t i c a l  value, 

In order  ea w r i t e  an equatiom s p e c i f y i n g  t h e  s t a t i c  o u t -  
put of a RESOLVER t h e  s ta tement  takes  the  form: 

here kP represents  t h e  MODE a€' t he  r e s o l v e r :  BW, 
R, ~~~A~~~~~~ o r  INVERSE. The i n p u t s  a r e  usually 

r e p r e s e n t i n g  a n g l e ,  r a d i u s  v e c t o r ,  x c o o r d i n a t e ,  
i n a t e ,  e t c .  The outpxl ts  a r e  s t a t e d  as SWMn ( x x ]  

r ep resen t ing  the v a r i o u s  r e s o l v e r  o u t p u t  multipliers 



Y e  Hf %he prsblen con ta ins  nauftipllying D A G  a statement sf 

itax va lue  i n t o  t h e  DAG ( n n ) .  For  s t a t i c  check 
he  DAC b e i n g  used would be l i s t e d  as 

DS: f n n )  = xx,xwxx must  be  specified eo s e t  t h e  

SDI (nn) = xx*xxxx 
(wn) = -(DI(ann) * ~ ~ ( ~ ~ ~ ~ / ~ ~ ~ ~ ~  

ere An [mm] provides  t h e  analog input to the ~~~~~~~~~~~ 

C. An (mm] may be r ep laced  by a constant such as - f 8 8 . 0  
ere a reference v o l t a g e  is used,  

e suegue sf the MDAC, when used  in f u r t h e r  statements, 
is written R (nn) as i n  t h e  statement 
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HAKE A COPY OF THESE DATA 



This output  is a Pisting of each analog element used in t h e  
stt3stement i n p u t ,  P o t  coefficients, s t a t i c  va lues ,  and 
~~~~~~a~~~ derivative v a l u t s  3 - r ~  p r i n t e d  out. O u t - o f - R i ~ i t  

mponents a re  f l a g g e d  as a r e  p o t s  which m i l s t  be s e t  manual ly  
ASET r e fe r s  t o  t hese  zralucs as the THEORETICAL,  

PTXMG TO SET ANALOG TO POTSET MODE, UNITS ARE BUSY 
QUEST IS QUEUEDB, This  message.indicates busy s%a%us 
ea 44 1-ISMPX; perhaps n o n - a v a i l a b i l i t y  of analog con- 
The message may n o t  appear because of DAMPS e r r o r  

es skauHd analog components be  in t h e  off s t a t e ,  If 

uipmeat, cancel the j o b  and notify maintenance pearsonne%* 
ere is no continuance of j o b  a f t e r  cursory examination sf 

b B T I N G  TO START POTSSET, UN%-TS ARE BUSY AND R 
This message i s  similar ts tY2 ,  If n o t  

by cancellation d a t a  from DAMPS, the 9busy8 time should  be 
~~~~~~~a~~~~ otherwise system i.s c a u s i n g  Pooping, Caneel 
job  and c a l l  maintenance, 

T NOW IN PROGRESS* e Data is flowing t o  t h e  ana log  
console  and potent iometers  a re  being s e t  p r o p e r l y ,  The 

is responding  c o r r e c t i y  t o  t h e  1 0 4 4  linkage system, 

T SET CQPWLETE a, This  message i n d i c a t e s  norma% program 
Pause 66  also appears a t  t h i s  time a l lowing  the  

atos to s e t  !nam.aal BOTS, 



g PTHNG TO START ANALOG SCAN, UNITS ARE! BUSY AND REQUEST 
1 BEDu, See niessisges 2, d 9  and 8 for proper action, 

L ~~~~~~~~~ NOW SCANNING ANALOG Analog component 

v e r t e d  o u t p u t s  are gass ing  t h r o u g h  HSMPX sub-  
s If I / O  trouble occurs ,  DAMPS will cause 

es a r e  pass ing  t h r o u g h  IISMPX sknbchanncP 1 while 

ion of job.  



Q job eon%rof language for an AMASET r u n  is as follmcrse 
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U N I V E R S I T Y  OF HOUSTON 

Engineering Systems Simula t ion  Laboratory 

TO : H y b r i d  U s e r s  

FROM : R. L. Motard 

DATE : June 1 8 ,  1970 

A. Job con t ro l  language fo r  hybr id  computation under t h e  DAMPS 
operating sys t e m  

Card N o .  

// Name - b J O B  b - NODUMP, P r o j e c t  No. b - User I d e n t .  
// b ACCESS b - S D S A B S  

// DELETE b - S D S A B S ( M y j o b )  

// - b CONDENSE b SDSABS 

- 

/* 
// Myjob b - E X E C  b - FORTRAN,$ 

f 
FORTRAN Source D e c k  

.c 
/* 

/* 
/& 

// b - EXEC b - LNKEDT(KEEP,MAP) ,$ 

// Name R T J O B  b - NODUMP, P r o j e c t  No. b - User I d e n t .  
// SYSRDR b - A C C E S S  b - RTPROC (BYBEXEC) ,192= 'DAMPS2 ' 
/* 
// b - EXEC b - Myjob 

f 

Data, i f  any 
.c 

7 
8 

9 

'10 
{i 1 
'1 2 
13 
14 

. /* 
/& 

15 
16 
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To r e r u n  a program wIiich has  a l ready  been compiled and de- 
bugged use only t h e  job c o n t r o l  deck from card no. ll on. 
Programs which have been compiled s u c c e s s f u l l y  are k e p t  i n  
the so-ca l led  phase l i b r a r y  SDSABS. They w i l l  remain t h e r e  
u n t i l  d e l e t e d  by the running of t h e  J C L  cards  1 - 5 followed 
by a /& card.  

Name E any u s e r  i d e n t i f i c a t i o n  or blank 

Myjob E name by which program is  known t o  t h e  system i n  
t h e  phase l i b r a r y  f. 

b E one or  more blanks 
P r o j e c t  No. E assigned by ESSL upon a p p l i c a t i o n  
User  I d e n t .  f o p t i o n a l  

- 

B. Standard FORTRAN 1/0 ope ra t ions  

Input-output  i s  handled i n  t h e  s tandard  FORTRAN manner, i . e . ,  
READ (5 , .. .) and WRITE ( 6 , .  . . ) w i l l  r e a d  ca rds  and w r i t e  on 
t h e  p r i n t e r .  WRITE ( 7 , .  . .) w i l l  access the card  punch u n i t  
and WRITE (15 , .  . .) w i l l  access  t h e  console typewr i t e r  which 
can be READ (15, .  . ,) as w e l l .  Tape 1/0 opera t ions  are also 

I n  programming hybrid 1/0 o p e r a t i o n s ,  t h e  S Y S U N I  numbers have 
been s tandard ized .  These numbers are used i n  c a l l i n g  t h e  
FRCBSU subrou t ine  i n  DAMPS t o  s e t  up 1/0 r e q u e s t  c o n t r o l  
blocks:  c o n t r o l  information r e q u i r e s  t h e  use of SYSUPJI 
number 28 ,  read ing  t h e  A/D conver te r  r e q u i r e s  number 2 9 ,  and 
w r i t i n g  t o  t h e  D/A conver t e r s  r e q u i r e s  number 3 0 ,  

S ince  hybr id  execu t ive  subrout ines  w i l l  be  a v a i l a b l e  i n '  t h r e e  
forms, t h e  u s e r  w i l l  only be concerned wi th  S Y S U N I  numbers i n  
the unusual  case where t h e  s tandard  u n i t  assignments w i l l  n o t  
serve. I n  t w o  of t h e  hybrid execu t ive  modes t h e  c a l l  t o  FRCBSU 
is  embedded i n  t h e  execut ive  r o u t i n e  and i s  n o t  r equ i r ed  of 
the user;  t h e s e  two modes should s e r v e  most of t h e  t i m e .  

- a c c e s s i b l e ;  p l e a s e  check with l ab  personnel .  

C. Large Hybrid Programs 

The job c o n t r o l  language descr ibed  i n  A w i l l  compile and l i n k -  
edit programs t h a t  load i n  t h e  background p a r t i t i o n  and are 

t N o t  t o  be over  8 c h a r a c t e r s  long and should be p re f ixed  wi th  .. u s e r ' s  i n i t i a l s .  
. .  
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executed as RTJOB. The maximum s i z e  program allowed i s '  
48,890 bytes .  Should t h e  u s e r ' s  program exceed t h i s  s i z e ,  
t h e  l i n k - e d i t  s t e p  needs t o  be  changed: 

1. Remove from ca rd  8 and ca rd  6 
2. Add, between ca rds  8 and 9 

b PHASE b Myjob,F. 
b - INCLUDE b Myjob ,L  - b INCLUDE c a r d  f o r  every sub rou t ine  

8a 
8b 
8c 

This  procedure should a l low t h e  program t o  load  i n  t h e  
real-time p a r t i t i o n  which provides  85t760 by te s  when 
executed as 'RTJOBI i .e. ,  c a r d s  11-16. 
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2. 
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4. 

5 .  

6. 

7. 

8. 

' 9. 

10 . 
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' X '  (Execute) SERIES OF HYBRID EXECUTIVE 
SUBROUTINES 

Engineering Systems Simulation Lab 

CALL XSENSE (LOCA,NB) 
LOCA = INTEGER"2 l oca t ions  containing b i t  p a t t e r n  from 

NB = Number of by tes  t o  be read,  two o r  four .  
analog sense l i n e s  (0-15) or (0-31) .  

CALL XCNTRL (LOCA, NB) 

Arguments same as above f o r  con t ro l  l i n e s  (0-15). 

CA$L X I C  - se t  analog mode t o  INITIAL CONDITION,  

CALL XPS - set  analog mode t o  POT SET, 

CALL XST - set  analog mode t o  STATIC TEST. 

CALL XHD - se t  analog mode t o  HOLD. 

CALL XRT - set  analog mode t o  RATE TEST. 

CALL XOP - se t  analog mode t o  OPERATE. 

CALL XPOTSS (NAME,IVAL) - used t o  se t  value of  one pot. 
NAME = four cha rac t e r  name of po t  - P123 
IVAL = value i n . r a n g e  of 0-9999 t o  which po t  

is t o  be set. 

CALL XRDAD(N,ICON,SA,EA,LOCA) - used t o  do a sequen t i a l  
d i g i t a l  read. 
N = number of mult iplexers '  t o  be read. 
ICON = mode of A/D conversion. 
SA = Address of f irst  MUX, INTEGER mode, 
EA = Address of l a s t  MUX t o  be  read ,  INTEGER mode. 
LOCA = INTEGER*2 vector t o  receive read  values. 

t h e  first ce l l ,  LOCA(1) i s  reserved f o r  the  
system. 

analog t o  

CALL XWRTDA (N , ICON,SA,EA, LOCA) - used t o  w r i t e  s equen t i a l  d i g i t a l  
values t o  the analog DAC's ( d i g i t a l  t o  analog converters). 
Arguments same as XRDAD. 

CALL XRDAN(NAME,N,LOCA) - used t o  read  t h e  value of 
any analog component. Up t o  1 0 0  may be read i n  one cal l .  
NAME = name or  vector of component names i n  fou r  cha rac t e r  
format 

t o  be  read. - P110,  A005. 
N = number of components t o  be read. 
LOCA = INTEGER*2 area dimensioned t h e  s i z e  of N t o  hold  

t h e  read analog values .  
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13. XSTCTL(IHOLD,LINE) - set  one c o n t r o l  l i n e  a t  t h e  l o g i c  pa tch  
panel  ( l i n e s  0-15). 
IHOLD = Two by te  i n t e g e r  which saves  t h e  c u r r e n t  s t a t u s  of t h e  

LINE = c o n t r o l  l i n e .  number t o  be  set .  
c o n t r o l  l i n e s  and is  updated by each e n t r y  t o  XSTCTL. 

14. XRSCTL(IHOLD,LINE) - s a m e  a s  XSTCTL except  t h a t  c o n t r o l  l i n e  i s  
. reset. 

15. XRDSNS(L1NE) - l o g i c a l  func t ion  which r e t u r n s  
*TRUE. if sense  l i n e ,  LINE, is se t  or 
*FALSE. i f . t h e  sense  l i n e  i s  reset fo r  sense  

l i n e s  0-31. 
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A Dynamic Model o f  the Circle o f  Willis 

J. C. CHAO N. H. C. HWANG 

INTRODUCTION 

acute  concern t o  neuro logis t s  and neurosurgeons 
a l i k e .  Under most c i rcumstances,  t h e  aneurysm(s) 
i s  ( a r e )  found on o r  near t h e  v i c i n i t y  of the  c i r -  
c l e  of Will is .  Treatment of t h e  c e r e b r a l  aneurysm 
has been mostly s u r g i c a l ,  e i t h e r  by d i r e c t  ap- 
proach t o  t h e  aneurysm through craniotomy or  by 
e l e c t i v e  occlusion of one or more of t h e  a f f e r e n t  
c e r v i c a l  a r t e r i e s .  

I n  t h e  hands of most surgeons,  t h e  s u r g i c a l  
procedure of c e r v i c a l  a r t e r y  occlusion c a r r i e s  
l e s s  r i s k  than t h e  d i r e c t  i n t r a c r a n i a l  approach 
t o  t h e  aneurysm. However, because of t h e  uncer- 
t a i n t y  of post-operat ive flow p a t t e r n  and t h e  pres -  
s u r e  d i s t r i b u t i o n  i n  t h e  b r a i n  a r t e r i a l  system, i t  
has f requent ly  l e d  t o  r e c u r r e n t  hemorrhages from 
t h e  aneurysm(s) f o r  which occlusion was performed 
and o ther  post-operat ive bleeding episode.  The 
>omparative values  of t h e  c e r v i c a l  a r t e r i a l  occlu- 
l i o n  t reatments  has remained a c o n t r o v e r s i a l  
s u b j e c t .  

The bas ic  purpose of c e r v i c a l  a r t e r y  occlu- 
s i o n  is  t o  reduce t h e  l o c a l  pressure  i n  t h e  weak- 
ened p o r t i o n  of t h e  a r t e r i a l  w a l l  i n  which t h e  
aneurysm r e s i d e s .  Therefore ,  it i s  extremely i m -  
p o r t a n t  t o  be a b l e  t o  p r e d i c t  p reopera t ive ly  t h e  

Aneurysm on c e r e b r a l  a r t e r i e s  i s  a mat te r  of 

i 

3 

\'\ 

post-occlusive pressure  d i s t r i b u t i o n  i n  every p a r t  
of t h e  b r a i n  a r t e r y  system. 

have d e a l t  e n t i r e l y  with t h e  s tudy  of t h e  much 
s i m p l i f i e d  s teady  flow i n  r i g i d  tubes using a f l u -  
i d  model (L-S),' an  e l e c t r i c  analog model (2-1) 
and a computer model (1). Most of these  models 
were comparatively s tud ied  i n  t h e  form of t h e i r  
computer r e p r e s e n t a t i o n  r e c e n t l y  by Clark,  e t  a l .  
(8) .  
c i r c l e  of Willis w i t h  p u l s a t i l e  f low i n  d i s t e n s i -  
b l e  tubes .  

Past a t tempts  t o  model t h e  c i r c l e  of Willis 

This paper w i l l  p resent  a bas ic  model of t h e  

CONSTRUCTION OF THE MODEL 

The measurement of major c e r e b r a l  a r t e r i e s  
of a group of dogs as quoted i n  re ference  (2) have 
been taken as t h e  prototype f o r  our s t u d i e s .  The 
pro to type  c i r c l e  was subdivided i n t o  22 segments 
of approximately equal  volumes. Some i r r e g u l a r i -  
t i e s  of t h e  sec t ion ing  a r e  introduced from t h e  
need t o  have t h e  regions where c i r c u l a t i o n  would 
be inf luenced by l o c a l  i n c r e a s e  of r e s i s t a n c e  o r  

Underlined numbers i n  parentheses  des igna te  
References a t  end of paper .  

111 i n t e r n a l  c a r o t i d  

a n t .  c e r e b e l l a r -  y 

F i g . 1  Sketch of t h e  mathematical model 

1 



a l t e r e d  f i e l d  of blood supply coincide w i t h  junc- 
t i o n s  of segments. The mathematical model i s  sche- 
m a t i c a l l y  shown i n  F i g .  1. 

i s  assumed t o  be  approximately laminar and incom- 
p r e s s i b l e .  Disregarding body f o r c e s  and t h e  s m a l l  
t a n g e n t i a l  motion of the blood, t h e  s i m p l i f i e d  
Navier-Stokes equat ions i n  t h e  c y l i n d r i c a l  coordi-  
na te  form can be w r i t t e n  as: 

Within each of the 22 segments, blood flow 

au 1 au a% 
ar ar 

2P = -p= + p[- - + az 

Here p i s  pressure ,  z is  t h e  d i s t a n c e  along t h e  
a x i s ,  p i s  f l u i d  mass d e n s i t y ,  )1 is t h e  ordinary 
c o e f f i c i e n t  of v i s c o s i t y ,  and u and w a r e  longi -  
t u d i n a l  and r a d i a l  v e l o c i t y  components, respec-  
t i v e l y .  

If we f u r t h e r  assume t h a t  t h e  pressure  i s  
independent of r ,  a reasonable  assumption f o r  
small r a d i a l  v e l o c i t y ,  equat ion ( 2 )  can be neg- 
l e c t e d  i n i t i a l l y .  The va lue  of w may then  be de- 
termined from wal l  e l a s t i c i t y  using t h e  c o n t i n u i t y  
r e l a t i o n .  

Equation (1) may be converted from d i f f e r e n -  
t i a l  t o  d i f f e r e n c e  form i n  t h e  r a d i a l  space dimen- 
s i o n s  by breaking up t h e  segment r a d i a l l y  i n t o  N 
concent r ic  annular  s h e l l s  of equal thickness  of A r  
f o r  a l l  bu t  t h e  outmout annulus,  which was chosen 
t o  have thickness  Ar/2. 
case ,  N = 2 ,  Rideout and Dick (2) have converted 
equat ion  (1) t o  the fol lowing form: 

Applying t h e  s imples t  

9pAz dqi 81uAz = - - -- - - 
4rR2 dt 8nR4 qi 

( 3 )  

Here Az i s  t h e  l e n g t h  of t h e  segment, R i s  t h e  
tube r a d i u s ,  and q i s  t h e  l o n g i t u d i n a l  flow r a t e .  
The s u b s c r i p t s  i and o i n d i c a t e  t h e  input  and ou t -  
p u t  a t  the entrance and the e x i t  of t h e  segment, 
r e s p e c t i v e l y  . 

The c o e f f i c i e n t  of t h e  second term on t h e  
right-hand s i d e  of equat ion ( 3 )  gives  t h e  f l u i d  
r e s i s t a n c e  of the segment, 

while  t h e  c o e f f i c i e n t  of the f,irst term on t h e  
right-hand s i d e  of equat ion ( 3 )  gives  t h e  f l u i d  
inductance,  

9pAz L = -  
4sR2 

(4) 

( 5 )  

A t  the w a l l  a radial  v e l o c i t y  ( w R )  i s  a s -  
sumed. Here Womersley (10) and Jager ,  e t  a l . ,  
(11) have shown 

p = p h - dwR + BwR + - Eh /t wRdt 
2 2  

R (1-0 )o d t  

i n  which p i s  t h e  wall d e n s i t y ,  f i  i s  the w a l l  
damping c o e f f i c i e n t ,  E i s  Youngls modulus of t h e  
w a l l ,  d i s  t h e  Poisson r a t i o  of t h e  w a l l ,  and h is  
w a l l  th ickness .  

A s  d iscussed i n  re ference  ( g ) ,  t h e  f irst  two 
terms i n  equat ion ( 6 )  can be ignored because r a d i -  
a l  v e l o c i t i e s  a r e  small. Equation ( 6 )  then  be- 
comes 

t 

p = A/ wRdt 
R2(1-02) 

Let the input  and output  flow a t  each end of 
t h e  Az l e n g t h  of t h e  n th  annulus be designated a s  
qni and qno, then  the  c o n t i n u i t y  r e l a t e s  such 
flows and t h e  r a d i a l  v e l o c i t y  a t  r = R as 

From equat ions ( 7 )  and ( 8 ) ,  

For  t h e  case  of N=2, we have, 

/t 

( 9 )  

The f l u i d  capaci tance f o r  t h e  segment of l e n g t h  
( A z  ) i s ,  theref  o r e ,  

3 

Eh 2Eh 
= 2nR3(l-02)nz - 3sR Az 

t ake  6 = 1/2.  

convert ing t h e  blood p r e s s u r e  from t h e  convention- 
a l  u n i t  of mm Hg t o  dyne/sq cm by 1 mm Hg = 1332 
dyne/sq cm, t h e  values  of R ,  L, and C are calcu-  
l a t e d  f o r  each of the 22 segments. The values  a r e  
shown i n  Table 1. 

A s  shown i n  F i g . 1 ,  a l l  t h e  e f f e r e n t  branches 
are each represented  by two segments i n  s e r i e s .  
The d i s t a l  p a r t  i s  accounted f o r  80 percent  of the 

Measuring t h e  dimensions i n  CGS u n i t s  and 

3 

2 



Table 1 C h a r a c t e r i s t i c s  of A r t e r i a l  Segments 

3 R  J L  2 
Segment Radius Length 

(cm> (cml 10 dyne/cm) (10 dyne/cm ) (1 0-':1/ dyne/ cm) 
( ml/sec m l /  sec 

Basilar .05 4 .2  68.6 1.130 5.88 

Post comm. 1 .035 .50 42.8 .310 .202 

Post comm. 2 .035 .25 21.4 .156 . l o1  

Post comm. 3 .035 .36 30.8 .223 .146 

Post comm. 4 .035 .36 30.8 .223 .146 

Ant. comm. 1 .042 .25 10.4 . l o 7  .175 

Ant. comm. 2 .042 .66 27.4 .244 .460 

.032 .73 89.2 .536 .226 Ant. cerebellar 

Post cerebral .039 -41 22.7 .202 .228 

Int. carotid .06 4 . 2  41.6 .a80 8.56 

Mid. cerebral .048 .a1 19.6 .265 .841 

Ant cerebral .06 1.12 10.4 .220 2.14 

' pressure  drop. Hence, t h e  lower r e s i s t a n c e  i s  
four  times t h e  upper r e s i s t a n c e ;  t h e  lower com- 
p l i a n c e  i s  six times t h e  upper compliance. 

segment ( m ) ,  which i s  loca ted  between s e c t i o n s  ( m )  
and ( m - l - l ) ,  equat ions ( 3 )  and ( 1 0 )  can be r e w r i t t e n  
a s  fol lows:  

Applying r e l a t i o n s  ( 4 ) ,  ( 5 ) ,  and (11) t o  a 

and 

/t 

The analog computer setup f o r  the segment i s  shown 
i n  F i g . 2 .  

t i o n ,  as mentioned i n  t h e  next  paragraph, has been 
s e t  on t h e  SS-100 Analog/Hybrid Computer irL t h e  
Cullen College of Engineering. 

The e n t i r e  model including i t s  input  func- 

TESTING OF THE MODEL 

I n t r a v a s c u l a r  pu lse  pressure  d i r e c t l y  meas- 
ured from a dog ' s  r i g h t  common c a r o t i d  a r t e r y  (12) 

was taken t o  t e s t  t h e  model performance. A t  t h i s  
pre l iminary  phase of t h e  s tudy,* s e v e r a l  assump- 
t i o n s ,  which had been commonly made f o r  almost a l l  
previous models (L-i,"), were accepted t o  t e s t  our 
model. These assumptions a r e  as fol lows:  1) t h e  
t o t a l  f low through t h e  system is  est imated a t  63 
cc/lOO gm of dog b r a i n  p e r  minute, 2 )  t h e  a f f e r e n t  
f low i s  divided equal ly  among t h e  two c a r o t i d s  and 
t h e  b a s i l a r ,  3 )  t h e  e f f e r e n t  f low i s  d i s t r i b u t e d  
i n  accordance w i t h  the  weight of b r a i n  i r r i g a t e d  
by each v e s s e l ,  and 4) t h e  input  pressure  a t  a l l  
t h r e e  a f f e r e n t  a r t e r i e s  was t h e  same func t ion  of 
time and t h e r e  i s  no phase de lay .  

Pulse  pressure  and flow r a t e  a t  s e v e r a l  sec-  
t i o n s  on t h e  model were measured wi th  a Polaroid 
camera which photographed t h e  t r a c e s  on t h e  screen  
of a Textronix dual-beam osc i l loscope .  The meas- 
ured pressure  and flow r a t e d  a t  each of these  sec-  
t i o n s  a r e  shown as func t ions  of time i n  F i g s . 3  and 
4, r e s p e c t i v e l y .  

animal da ta  (12,13)  were r a t h e r  encouraging be- 
cause t h e  r e l a t i v e  pressure  drop and flow d i s t r i -  
bu t ion  a t  each of the  junct ions were comparable 

Comparisons of t h e  model output w i t h  t h e  

A hybrid computer phase of t h e  model wi th  de- 
layed ind iv idua l  input  f u n c t i o n  f o r  each of t h e  
t h r e e  a f f e r e n t  a r t e r i e s  w i l l  be repor ted  i n  sub- 
sequent papers .  

3 



( A )  Ar t e r i a l  segment 
(B)  I n t e g r a l  equations represent ing ( A )  
( C )  Analog computer setup f o r  ( A )  

F ig .  2 

both i n  magnitude and wave forms. Although a 
point-to-point comparison was not made i n  t h i s  
study due t o  the  f a c t  t h a t  d i f f e ren t  animals were 
involved, the s i m i l a r i t y  i n  trends indicated the  
poss ib i ld ty  of s a t i s f ac to ry  refinement of the  mod- 
e l ing  technique. The comparison of the  changes 
i n  flow r a t e  and pressure with the  previous models 
was not possible  s ince the flows i n  a l l  o ther  mod- 
e l s  were steady i n  nature .  However, the ranges 
of magnitude showed good agreement between our 
model and the  previous models. 

C ONC LUS I O N  

The advantages of analog modeling of a com- 
plex c i r cu la t ion  system, such as  the  c i r c l e  of 
W i l l i s  a t  t h e  base of the b ra in  by in tegra ted  
lumped c i r c u i t s ,  a r e  apparent.  Not only does i t  
o f fe r  a far grea te r  v e r s a t i l i t y  than a convention- 
a l  fluid-model, but i t  a l s o  o f f e r s  the convenience 
of recording the pressure and flow r a t e s  a t  almost 
any desired sec t ions  i n  the  system; the  ease of 
f ind ing  values of funct ions w i t h  varying param- 
e t e r s ;  and most of a l l ,  i t  permits the  p o s s i b i l i t y  
of including the nonlinear terms. 

a r t e r i e s  may be regarded a s  a b e t t e r  approximation 
The assumption of laminar flow i n  cerebra l  

s ion  of the  present  model is now under construc- 
t i o n  i n  our laboratory.  I n  the model, the analog 
representa t ion  described i n  t h i s  paper w i l l  be 
combined with a d i g i t a l  representat ion of some of 
t he  slower ac t ing  cont ro l  loops,  such a s  the per- 
iphera l  res i s tance  and phase delay of pressure 
waves i n  d i f f e ren t  a f f e ren t  a r t e r i e s .  Bet te r  con- 
formity of model t o  animal prototype can be ex- 
pec ted . 
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CHAPTER 

I NTRODUCT ON 

I .  THE VARIOUS TECHNIQUES 

I n  c l a s s i c a l  techniques, t h e r e  a r e  severa l  methods f o r  s i m p l i f y -  

i n g  a h i g h  o r d e r  system w i t h  a lower o r d e r  one. Namely: 

( 1 )  The Nixon method [ l ]  - by i g n o r i n g  c e r t a i n  c o e f f i c i e n t s .  

(2) The Dominant Roots method [ 2  

(3)  The K. Chen method [31 - by 

Bode diagram. 

- by i g n o r i n g  c e r t a i n  r o o t s .  

gnor ing  c e r t a i n  p a r t s  o f  a 

I n  the  modern techniques, t h e r e  a r e  a l s o  severa l  methods f o r  

reducing a h i g h  dimensional  s t a t e  space i n t o  a lower dimensional  one. 

Name1 y : 

(4) The Davison method 141 - emphasizing on dominant e igen-  

values. 

(5) The Marsha l l  method [51  - emphasizing on the steady s t a t e  

va lues.  

(6) The Chen and Shieh method [ 6 ]  - emphasizing on t h e  l a t e r  

p a r t  o f  a t r a n s i e n t  curve. 
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I I .  THE MOST FLEXIBLE TECHNIQUE 

I n  t h e  s i x  methods mentioned, t h e  Chen and Shieh method [ 6 ]  i s  

the  most f l e x i b l e  because, by u s i n g  i t  one can e i t h e r  work i n  the s t a t e  

space o r  work i n  the  t r a n s f e r  f u n c t i o n  ( s )  domain. 

The Chen and Shieh method [6]  is e s s e n t i a l l y  the second Cauer 

form o f  the  cont inued f r a c t i o n  expansion; however, the  i n t e r p r e t a t i o n  o f  

the second cauer form i s  q u i t e  d i f f e r e n t  f rom the  one used i n  c i r c u i t  

theory.  The method can be summarized as f o l l o w s :  

A .  Put t h e  denominator and the numerator o f  the  t r a n s f e r  

f u n c t i o n  i n t o  ascending o r d e r .  

B. Expand the t r a n s f e r  f u n c t i o n  i n t o  cont inued f r a c t i o n  form. 

C .  D iscard  c e r t a i n  q u o t i e n t s .  

D. I n v e r t  t h e  s i m p l i f i e d  cont inued f r a c t i o n  i n t o  a t r a n s f e r  

f u n c t i o n  which i s  the r e q u i r e d  s i m p l i f i e d  t r a n s f e r  f u n c t i o n .  

The procedure i s  ext remely s imp le  and t h e  r e s u l t s  a r e  ext remely 

s a t i s f a c t o r y ;  however, Chen and Sh ieh 's  method [6]  i s  l i m i t e d  t o  s i n g l e  

i n p u t  - s i n g l e  o u t p u t  systems. I n  o t h e r  words, t h e  method needs t o  be 

extended t o  multi-input/multi-output systems so t h a t  the  method w i l l  be 

more v e r s a t i l e .  T h i s  paper w i l l  use t h e  analog computer t o  i n v e s t i g a t e  

the multi-input/multi-output cauer form. T h e o r e t i c a l l y ,  t h i s  i s  a 

n a t u r a l  ex tens ion  o f  the s c a l a r  cauer form. 



CHAPTER I 

D I S C U S S I O N  OF THE V A R I O U S  S I M P L  F I CAT I ON TECHN I QUES 

The s i x  e x i s t i n g  s i m p l i f i c a t i o n  methods can be regrouped i n t o  

two schools .  

(A) t he  school based on dominant r o o t s  and (B)  t h e  

school  based on f r a c t i o n a l  form. Among t h e  methods 

ment ioned i n  Chapter I ,  ( 2 ) ,  (4) and ( 5 )  belong t o  

(A ) ;  w h i l e  (l), (3) and (6 )  be long t o  ( B ) .  The group 

(A)  i s  good f o r  c e r t a i n  systems and t h e  group (B) i s  

good f o r  o t h e r  systems. A s  f a r  as c o n t r o l  systems 

a r e  concerned, group (8 )  seems t o  be more power fu l .  

I .  THE METHOD BASED ON DOMINANT ROOTS 

Group (A)  can be b e s t  i l l u s t r a t e d  by a s imp le  example.. Consider 

the  t r a n s f e r  f u n c t i o n  

S 3  + 52S2 + 102s + 100 

s5 + 35S4 + 3g6S3 + 1538S2 + 3048s + 1872 
F ( s )  = 

Which f a c t o r  as f o l l o w s  

(S+50) (S+l+J l )  ( S + l - J l )  

( S + 1 )  (S+2+J2) (S+2-J2) (S+15+J3) (S+15-J3) 
F ( 5 )  = 

The po le -ze ro  f o r m  o f  t h e  t r a n s f e r  f u n c t i o n  i s  shown i n  ( 1 A )  

and can be expressed i n  the  S-plane as shown i n  F i g u r e  1 .  I n  the  p o l e -  
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ze ro  c o n f i g u r a t i o n ,  one knows t h a t  t h e  po les  near  t h e  imaginary a x i s  

have t h e  most i n f l u e n c e  on t h e  system's behav io r .  Based on t h i s  w e l l  

known knowledge, one can d i v i d e  the  p o l e s  i n t o  t h r e e  groups and w r i t e  

the  t r a n s f e r  f u n c t i o n  as f o l l o w s :  

( 1  B) 
1 s2 + 2s + 2 S + 50 F ( s )  = - . 

s + l  s 2  + 4s + 8 S2 + 30s + 234 

The corresponding b l o c k  diagram i s  shown i n  F i g u r e  2 .  I t  i s  s t r a i g h t  

f o rward  t o  change t h e  b l o c k  diagram i n t o  an analog computer program 

as shown i n  F i g u r e  3.  

When we study t h e  behav io r  o f  t h e  system u s i n g  t h e  dominant 

r o o t  method, one s imu la tes  t h e  t r a n s f e r  f u n c t i o n  by one o f  t he  

f o l l o w i n g :  

(2 1 1 
s i - 1  F ( s )  = - * .05342 

(2B) 
1 s p  i- 2s + 2 s + 50 F ( s )  = - * 

s2. + 4s + 8 S 2  3 30s  + 234 s + 1  

The two approx imat ions ( 2  and 2A) can be r e a l  i z e d  by d i s c o n n e c t i n g  , 

f i r s t  t h e  l a s t  s tage p a r t s  and then d i s c o n n e c t i n g  t h e  second stage o f  t he  

analog computer program. The t h r e e  d i f f e r e n t  responses a r e  shown i n  

F i g u r e  4. 

T h i s  method i s  n o t  v e r y  s a t i s f a c t o r y  i n  many senses. G e n e r a l l y  

t h e  approx imat ions have poor t r a n s i e n t  response. I t  i s  w e l l  known t h a t  

i n  c o n t r o l  system a n a l y s i s  one o f  t h e  most impor tan t  c o n s i d e r a t i o n s  i s  
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t r a n s  i e n t  response. 

By o b s e r v i n g  t h e  response curves o f  F i g u r e  4 one can q u i c k l y  

see t h a t  t h e  approx ima t ion ,  u s i n g  e q u a t i o n  2, i s  n o t  even c l o s e  t o  the  

t o t a l ,  b u t  i t  i s  much b e t t e r  than t h e  approx ima t ion  u s i n g  e q u a t i o n  2A. 

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  e q u a t i o n  2A was a h i g h e r  o r d e r  a p p r o x i -  

ma t ion  than equa t ion  2. 

T h i s  example r e a d i l y  p o i n t s  t o  t h e  p i t f a l l s  o f  t h e  po le -ze ro  

r e d u c t  i on techn i ques . 

I I .  THE METHOD BASED ON THE FRACTIONAL FORM 

K. Chen [ 3 ]  was one o f  t h e  f i r s t  t o  r e a l i z e  t h a t  t h e  dominant 

r o o t s  method has shortcomings. He uses a comp le te l y  d i f f e r e n t  approach 

by c o n s i d e r i n g  a t r a n s f e r  f u n c t i o n  as a feedback system and then 

a t t e m p t i n g  t o  s i m p l i f y  t h e  open loop  t r a n s f e r  f u n c t i o n .  I n  o t h e r  

words, he decomposes the  system i n t o  a feedback system o f  t he  f o r m  

1 

1 + G ( s )  
F ( s )  = ( 3 )  

where G ( s )  i s  t h e  open loop  t r a n s f e r  f u n c t i o n .  G ( j w )  i s  then p l o t t e d  i n  

Bode diagram. K. Chen considered t h a t  any p o l e s  above +15db o r  below 

-15db can be ignored.  K. Chen f e l t  t he  importance o f  t he  feedback loop,  

b u t  he r e s t r i c t e d  h i m s e l f  t o  systems w i t h  u n i t y  feedback. Consequently, 

h i s  approach i s  o n l y  good f o r  t h e  u n i t y  feedback system. 



CHAPTER I l l  

D I S C U S S I O N  OF THE SECOND CAUER CONTINUED FRACTION FORM 

C .  F.  Chen and Shieh [6 ]  extended and m o d i f i e d  K. Chen's work 

[ 3 ]  by the  f o l l o w i n g  procedure.  Consider a genera l  t r a n s f e r  f u n c t i o n  

F i r s t  o f  a l l ,  t h e  two po lynomia l s  o f  t h e  t r a n s f e r  f u n c t i o n  

should be arranged i n  ascending o r d e r  as 

bn + bn- lS + . . , 
an + an-1S + . . . . + Sn 

. . + b lSn7- l  
T ( s )  = 

then expanded i n t o  a con t inued  f r a c t i o n  as f o l l o w s :  

1 T ( s )  = 

1 + H2 - 
S 

H3 + 1 

' .+ 1 

Next t r u n c a t e  (48)  by d i s c a r d i n g  c e r t a i n  q u o t i e n t s .  For example, 

T h i s  i s  t h e  s i m p l e s t  r e d u c t i o n  of ( 4 B ) .  



1 1  

O r ,  one can approximate (4)  by 

1 
1 T ( s )  N 

+ 1 H 1  -t- H2 - 
H 3 +  - 1 

S 
H 4 - 

H H H 

H H H H 

+ (H2 + H 4 ) S  
2 3 4  

1 2 3 4  3 4  
+ [Hl(H2 + H4) + H H IS + S L  

I .  DEVELOPMENT OF THE SECOND CAUER FORM 

The f o r m  o f  a 

c -  G - -  
R 1 + GH 

genera l  t r a n s f e r  f u n c t i o n  i s  

which,  a f t e r  rea r rang ing ,  i s  

(7) 

G 

Equat ion (48) i s  a n a t u r a l  g e n e r a l i z a t i o n  o f  ( 7 A ) .  The b l o c k  diagram 

f o r  (7A) i s  presented i n  F i g u r e  5 .  

Now, l e t t i n g  G = - l / s  and H = -a produces t h e  t r a n s f e r  

f u n c t  i on 

which has t h e  analog program shown i n  F i g u r e  6. 

To complete t h e  b a s i c s  i n  c o n v e r t i n g  f r a c t i o n  expansion f o r m  
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t o  an ana log  program, t h e  l a s t  b l o c k  i s  a feed- forward loop.  T h i s  can 

be i l l u s t r a t e d  w i t h  the  t r a n s f e r  f u n c t i o n  

r. G 1  + F1 

which, a f t e r  r e a r r a n g i n g ,  i s  

C 1 
R H +  1 
- =  

G1 + F1 

The b l o c k  diagram of e q u a t i o n  9 i s  shown i n  F i g u r e  7. 

Again,  l e t  G = - l / s  and H = -a, and l e t  F1 = - F ( s )  then the  

analog program i s  as shown i n  F i g u r e  8. 

I I .  IMPLEMENTATION OF THE SECOND CAUER FORM 

I n  genera l ,  t h e  f o r m  of t h e  second Cauer con t inued  f r a c t i o n  

I S  

C 1 
- =  F ( s )  = 1 

1 
R H1  + 

H2 -4- 

1 ( 1  1 )  
- 

s H +  3 
H4 + 1 - 
S H 5  +. 

1 

2n - 
S 

The b l o c k  diagram f o r  equa t ion  ( 1 1 )  i s  shown i n  F i g u r e  9. 
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The analog program through the  H6/s term i s  shown i n  F i g u r e  10. 

H terms g r e a t e r  than 1 r e q u i r e  a m p l i f i e r s  i n  cascade w i t h  the  i n t e g r a t -  

o r s .  Negat ive H terms r e q u i r e  an odd number o f  cascaded a m p l i f i e r s  n o t  

count ing  t h e  i n t e g r a t o r s .  I f  an H term r e q u i r e s  a m p l i f i c a t i o n  b u t  does 

no t  have a n e g a t i v e  s i g n ,  then an even number o f  a m p l i f i e r s  i n  cascade 

a r e  r e q u i r e d .  A comple te ly  genera l  analog program i s  presented i n  

appendix A. 

Once the system i s  programmed on t h e  analog computer i t  i s  a 

s imple t a s k  t o  s i m p l i f y  the mod-! as presented by Chen and Shieh [61, 

who s t a t e  t h a t  " the most dominant term i s  H1 and the  second in f luence 

term i s  H2/s. As the  q u o t i e n t s  i n  the cont inued f r a c t i o n  descend lower 

.... they a r e  less .... impor tant  .... on t h e  performance o f  the 

system." Wi th  t h i s  i n  mind, a l l  one has t o  do i s  remove t h e  inner  most 

loops o f  t h e  system ( w h i l e  observ ing  t h e  t r a n s i e n t  response) u n t i l  the 

system response i s  degraded pas t  a d e s i r e d  accuracy;  and then rep lace  

the 1 a s  t 1 oop removed. 

Using the analog computer f o r  t h i s  task  a f f o r d s  d i s t i n c t  

advantages over  d i g i t a  

response c a l c u l a t i o n s .  One advantage i s  an i n t i m a t e  f e e l  f o r  the system 

under examinat ion.  No one can deny the advantage o f  a c t u a l  l y  seeing 

the response, o f  t h e i r  system model, t raced o u t  on some d i s p l a y  dev ice,  

and then b e i n g  a b l e  to  s i m p l i f y  t h e  system by unpatch ing a loop, and 

then watch ing the  s i m p l i f i e d  model response. 

computer c o m p i l a t i o n  o r  o t h e r  methods o f  system 
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CHAPTER I V  

PRESENTATION OF SINGLE INPUT SINGLE OUTPUT EXAMPLES 

Using the  techniques o u t l i n e d  i n  the  f o r e g o i n g  chapter ,  two 

example systems were analyzed. The f i r s t  i s  a p r a c t i c a l  example [71. 

T i  ( 5 )  = (1 2)  

S7+l  12.04s 6 +3755. 92S5+39736. 73s 4 +363650. 56S3+759894. 1 9S2+ 
1 4 4 1 . 5 3 ~ ~  + 7 8 3 1 9 . ~ ~  + 525286.125s + 607693.25 

by a r r a n g i n g  the PO 

the  c o n t i n u a l  f r a c t  

i n  ascending o r d e r  ynomial 

on, T1 ( 5 )  can be expressed 

and then expanding 

as 

i n t o  

1 
1.016+ 1 

4.054+ 1 
s -.0666+ 1 

-3.803+ 1 
s -10.27+ 1 -. 2572+ 1 

s -42.77+ 1 
-.2591+ 1 

s 29.01+ 1 - 
.269 5+ 1 

s -15?20.+ 1 
- * 0052+ 1 

s 47760.+ 1 
0007 

S 

The analog program f o r  equat ion  ( 1 3 )  i s  shown i n  F i g u r e  1 1 .  
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The analog program was implemented on a Hybr id  System SS-100 

(100 v o l t  analog computer). The inpu t  was a s tep f u n c t i o n  o f  70 v o l t s .  

Th is  func t i on  i s  e a s i l y  implemented w i t h  the program as shown i n  F igure  

1 1 ;  the i npu t  ( R )  i s  patched t o  a potent iometer se t  a t  .7000 and the 

potent iometer i s  patched t o  Reference ( + l O O V ) .  Thus, whenever the  

i n teg ra to rs  a r e  switched from I C  t o  OP, the system w i l l  see a step 

func t i on  of  70 v o l t s  because the i n teg ra to rs  a r e  i n  ser ies  w i t h  every 

feed forward sec t i on  o f  the program. The system was implemented o n l y  

through the  H10 term because the H 

a r e  imprac t ica l  t o  implement on an analog computer. However, a s  shown 

and H terms r e q u i r e  gains tha t  - 1 1  13 
S 

i n  Figures 12 and 13,  the omission o f  these terms d i d  no t  impair  the 

system modeling. A s  seen i n  Figure 12, one cannot d i s t i n g u i s h  between 

the t h i r d ,  f o u r t h ,  and f i f t h  order system approximat ions.  Only i n  F igure  

13 (an expanded view o f  the o r i g i n )  can one see a d i f f e r e n c e  between the 

t h i r d ,  f o u r t h  and f i f t h  o rder  approximations. 

The reg ion  around the o r i g i n  o f  a t r a n s i e n t  response curve i s  

dominated by the h igher  frequency c h a r a c t e r i s t i c s  o f  the system. 

Therefore,  i n  leav ing  o f f  the H through H terms, one has o n l y  

a l t e r e d  the h igher  frequency c h a r a c t e r i s t i c s  o f  the system. Therein l i e s  

the beauty o f  the second Cauer form; one has a t  h i s  disposal  the t o o l  

which o n l y  reduces the  upper frequency c h a r a c t e r i s t i c s  o f  a system and 

then on ly  t o  the degree one des i res .  The power o f  t h i s  too l  i s  

seen when the r e s u l t s  obta ined a re  compared t o  the r e s u l t s  

1 1  14/s 
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ob ta ined u s i n g  o t h e r  techniques such as the  po le -zero  r e d u c t i o n  technique.  

I n  the po le -zero  r e d u c t i o n  technique one can n o t  l i m i t  t h e  e f f e c t  o f  

s i m p l i f i c a t i o n  t o  j u s t  t h e  upper f requencies;  on the  c o n t r a r y ,  as 

i n d i r e c t l y  shown by F i g u r e  4, t h e  e f f e c t  i s  spread over  q u i t e  a l a r g e  

range o f  f requenc ies .  

The second example demonstrates the  s i m p l i f i c a t i o n  technique o f  

a system which i s  n o t  e a s i l y  reduced by convent iona l  methods. [6 ]  

The t r a n s f e r  f u n c t i o n  

s2  + 15s + 50 

s 4  + 5s3 + 33s2 + 79s + 50 
T ~ ( s )  = 

can be f a c t o r e d  i n t o  

The problem w i t h  us ing  e x i s t i n g  po le -zero  r e d u c t i o n  techniques on t h i s  

system i s  r e a d i l y  seen; t h r e e  po les  have the same r e a l  p a r t .  

Expanding T2(s)  i n t o  cont inued f r a c t i o n  expansion one has ( 1  6 )  

T2(S) = I +  1 
.78 12+ 1 

s -6.400+ 1 
- ,  

s -4.611+ 1 
18.02+ 1 

s .0089+ 1 
-18.05 

S 
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The analog program fo r  equat ion 16 i s  presented i n  F igure 14. 

The second example response curves were obta ined i n  the same 

manner as used i n  the previous example except t h a t  the input  was 

changed t o  a step f u n c t i o n  of 60 vo l  t s .  

As.shown i n  Figures 15 and 16, the reduc t ion  on the system 

t rans fe r  f u n c t i o n  o f  the second example was a success. I n  F igure  16 

one can n o t  even see a d i f f e r e n c e  i n  the  two curves because o f  the 

w id th  of the osc i l l oscope  t race.  

The s i m p l i f i c a t i o n  o f  t h i s  system could o n l y  be performed from 

a f o u r t h  o rde r  t o  a second order  system because the o r i g i n a l  system has 

a p a i r  o f  complex conjugate poles and the s i m p l i f i c a t i o n  t o  a t h i r d  

order  y i e l d s  a cond i t i on  where the system has a po le  i n  the r i g h t  h a l f  

o f  the s-plane. 
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CHAPTER V 

THE CAUER MODEL FOR MULTIVARIABLE SYSTEMS 

The techniques developed f o r  t h e  s i n g l e  i n p u t ,  s i n g l e  o u t p u t  

system i n  t h e  prev ious  s e c t i o n  can be d i r e c t l y  extended t o  t h e  m u l t i -  

v a r i a b l e  case. A l l  one has t o  do i s  cons ider  t h a t  t h e  i n p u t  and the 

o u t p u t  a re  two v e c t o r s .  

I .  DEVELOPMENT OF THE CAUER MODEL 

One w r i t e s t h e  t r a n s f e r  m a t r i x  o f  the  o v e r a l l  system as f o l l o w s :  

where [ T ( s ) ]  i s  a square m a t i x  and each element o f  the t r a n s f e r  m a t r i x  

i s  a t r a n s f e r  f u n c t i o n .  Wi thout  l o s s  of  g e n e r a l i t y ,  onexcan use a two by 

two m a t r i x  as an example. 

(20) and B i j ( S )  = b i j n  + bij(,,-l)S + . . . . + b i j l  sn-1 

Taking t h e  inverse  o f  equat ion  (18) and then s e p a r a t i n g  the  cons tan t  
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f rom the  remain ing p a r t s ,  one has 

-1 - 1  
[T(S) ]  = [H1 + S [ .  . . . . . . . I  ] 

where [ H  ] i s  a cons tan t  m a t r i x  and t h e  remain ing p a r t s  have a common 

f a c t o r  S.  Then, a f t e r  f a c t o r i n g  o u t  t h e  S ,  one repeats t h e  process. 

1 

has F i n a l l y ,  one 

[ T ( S ) I  = [ H 1  

Equat ion (22 

The 

L 

i s  the  genera 

c rudes t  approx 

m a t r i x  Cauer form. 

mat ion can be ob ta ined by keeping o n l y  two 

terms [t i , ]  and [ H 2 ]  and d i s c a r d i n g  a l l  o t h e r  m a t r i c e s .  

There i s  o n l y  one “ S ”  i n v o l v e d  i n  the m a t r i x ;  however, even t h i s  s imple 

f i r s t  o r d e r  approx imat ion can express t h e  exact  steady s t a t e  o f  the  

system shown i n  ( 1  7 ) .  

A b e t t e r  model can be ob ta ined by keeping two more terms; one 

has 

- 1  - 1  - 1  - 1  
[ T ( S ) ] l l  = [ H 1  + S[H2 + S[H2 + S[Hql  1 1 1 

The model shown i n  equat ion  ( 2 4 )  i s  q u i t e  good f o r  approx imat ing most 

systems. O f  course, i f  we take more and more terms and we g e t  b e t t e r  and 

b e t t e r  approx imat ions;  however, i n  p r a c t i c e  equat ion  (24) i s  u s u a l l y  

s u f f i c i e n t .  Th is  c o n c l u s i o n  i s  a n a t u r a l  ex tens ion  o f  t h e  s i n g l e  i n p u t ,  

s i n g l e  o u t p u t  case and w i l l  be demonstrated by the use o f  an example 

i n  the  n e x t  chapter .  
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The block diagram representa t ion  o f  equat ion (24) can be 

expressed as shown i n  F igure  17. 

simp1 

and d 

mode 1 

b lock  

The general m a t r i x  Cauer formula [equat ion (22) ]  i s  a l so  

e a s i l y  expressed by a b lock  diagram. See F igure  18. I f  one disconnects 

a l l  the inner  loops i n  f i g u r e  18, except [H,] and [H2] ,  one has the 

f i e d  model corresponding t o  (23) .  I f  one a l s o  keeps [ H  ] and [ H  ] 

sconnects t h e i r  inner loops, t k n  one has a b e t t e r  s i m p l i f i e d  

3 4 

corresponding t o  equat ion 24. 

1 1 .  DEVELOPMENT OF A CAUER MODEL ANALOG PROGRAM 

FOR MULTIVARIABLE SYSTEMS 

The next step i s  t o  b u i l d  a bas ic  analog computer program 

f o r  the two inpu t  two output  system; t h i s  b lock  i s  presented i n  

F igure 19. 

The d e r i v a t  

i nes only the c i  rcu  i t 

on of 

conta 

t h i s  program was q u i t e  simp 

n ing  the f i r s t  t h ree  ampl i f  

e. I f  one exam- 

ers  ( A i ,  A2 and 

A 3 )  and the f i r s t  i n t e g r a t o r  ( I l ) ,  then i t  i s  c l e a r  t h a t  the program is  

the same as the program used f o r  the s i n g l e  input /ou tpu t  system. The 

on ly  d i f f e r e n c e  i s  the cross-coupl ing terms ( H  and H ) which were 

added f o r  the  two inpu t  - two output  system. 

n12 m12 

The in te rconnect ion  o f  bas ic  b lock  diagrams f o r  two input  - 

two ou tpu t  system i s  presented i n  F igure  20. 
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CHAPTER V I  

PRESENTATION OF TWO INPUT-TWO OUTPUT EXAMPLE 

Example 3 i s  a two input - two o u t p u t  system which has t h e  t r a n s -  

f e r  f u n c t i o n  

where T1 (s )  = (25A) 

-5.3350(S7+46g.26S 6 +32141 .S5+3751 0O.S 4 +764560.S3+358660o.S2+8801 500.S 

+4763000. 

T21(s )  = (25B) 

7.7620 (S +332.01 S t-22322.S +252910S +377990. S3+1805,000S2+5,088,600S 7 6 5 4 

+2,864,400. 

6 5 4 5.6698 (S7+521. 14s +37192 .S +540,450.S +813230. S3+183200. S2+5 ,651,000. S 

+3,361,200. 

7 6 4 
-3.9271 (S  +353.00S t-45952 .S5+791 ,180. S +979,94O. S3+1 ,399,000. s2+6,259 ,800.s 

+4,044,000. 

and A(S) = S 8 +581 .58s7+43543.s 6 +667,870.s 5 +3,562,300.s 4 +12,832,000.s3 

2 +24,944,000. s +2 1,288,000. s+6 , 362,700. (25E) 



The methods descr ibed i n  Chapter V f o r  o b t a  

Cauer m a t r i x  fo rm a r e  now a p p l i e d  t o  t h e  system def  

The r e s u l t  i s  the second Cauer m a t r i x  e q u a t i o n  

34 

n i n g  the  Second 

ned by equat ion  (25). 

Once e q u a t i o n  (26) i s  found, i t  i s  a s imp le  m a t t e r  t o  p l u g  t h e  c o e f f i c i e n t s  

i n t o  t h e  genera l  analog program blocks shown i n  f i g u r e . 1 9  and then i n t e r -  

connect t h e  b locks  as  shown i n  f i g u r e  20. The analog program f o r  the  t h i r d  

example i s  shown i n  f i g u r e  21. 

Page 1 o f  f i g u r e  21 conta ins  t h e  H 1  and H terms which a r e  
2 

Page 2 o f  f i g u r e  21 conta ins  t h e  H and H 4  terms which are  3 

Page 3 o f  f i g u r e  21 conta ins  the  H and H6 terms which a r e  5 
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Example (equation 26) 

I of 4 
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Page 4 o f  f i g u r e  21 conta ins  t h e  H and H terms which a r e  7 8 

The program b locks  are  connected by p a t c h i n g  t h e  l i k e  numbered 

p o i n t s  together .  Once t h e  analog program was s e t  up and debugged, the  

r e s u l t s  as shown i n  f i g u r e  22 t h r u  f i g u r e  28 were ob ta ined.  I n  t h e  

f i g u r e s ,  H represents  t h e  e n t i r e  f u n c t i o n ,  H represents  an approxima- 

t i o n  through t h e  H6 term and H represents  an approx imat ion through t h e  

H4 term. 

H term because a f i r s t  o r d e r  s o l u t i o n  f o r  t h i s  h i g h  o r d e r  system i s  o f  

no i n t e r e s t .  

8 6 

4 
No r e s u l t s  a r e  presented f o r  an approx imat ion through the  

2 

I n  a d d i t i o n  t o  t h e  r e s u l t s  presented, a t e s t  run  o f  the system 

was compared t o  d i g i t a l  computer generated data.  The analog program 

response's o v e r a l l  accuracy was w i t h i n  .5% w i t h  t h e  m a j o r i t y  o f  the  

data w i t h i n  . l% accuracy.  in most cases an accuracy o f  5% would be 

s u f f i c i e n t  because one i s  n o t  i n t e r e s t e d  i n  accuracy,  b u t  r e l a t i v e  

degradat ion  o f  each approx imat ion as comparedm t h e  o r i g i n a l  system. 
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F i g u r e s  22 and 23 p resen t  the  C 1  and C o u t p u t  responses f o r  2 

F i g u r e  24 p resen ts  an -50 v o l t  s teps  on b o t h  t h e  R 1  and R2 i n p u t s .  

expanded v iew  o f  t h e  C o u t p u t  as shown i n  F i g u r e  23 except  the ti 2 

approx ima t ion  i s  n o t  shown. The r e s u l t s  as p resen ted  by these f i g u r e s  

a re  ex t reme ly  good. 

H app rox ima t ion  has on t h e  response. Even t h e  H approx ima t ion  is 

w i t h i n  5% o f  t h e  o r i g i n a l  system. 

4 

Only i n  F i g u r e  24 can one see t h e  d i f f e r e n c e  t h e  

6 4 

C and C responses t o  unequal s t e p  i n p u t s  a r e  presented i n  1 2 

F igu res  25 and 26. The R i n p u t  has a s t e p  o f  -50 v o l t s  a p p l i e d ,  w h i l e  

t h e  R2 i n p u t  has a s t e p  o f  -70 v o l t s  a p p l i e d .  The r e s u l t s  aga in  a r e  

e x c e l l e n t ;  however, one can see a d i f f e r e n c e  i n  t h e  responses o f  t he  

o r i g i n a l  system (H8) and t h e  tl 

F igu res  22 and 23. 

1 

approx ima t ion  more c l e a r l y  than i n  6 

The l a s t  s e t  o f  responses (F igu res  27 and 28) were run  t o  

determine i f  any c ross -coup l i ng  degrada t ion  cou ld  be caused by t h e  

approx ima t ion  techniques.  To accompl ish t h i s ,  t h e  R i n p u t  had a -28.4 

v o l t  s t e p  a p p l i e d  and t h e  system was a l l owed  t o  reach a steady s t a t e  

(t = 0 on t h e  f i g u r e s ) .  

was a p p l i e d  t o  R2.  

c ross -coup l i ng  terms. The complete system (H8) was p l o t t e d  and t h e  

system approx ima t ion  was performed through the  H4 term. 

s e l f  e v i d e n t .  There was no c r o s s - c o u p l i n g  degrada t ion  f rom the 

1 

A t  t = O  i n  f i g u r e s  27 and 28, a s t e p  o f  -50 v o l t s  

T h i s  procedure a l l ows  one t o  i s o l a t e  t h e  e f f e c t s  o f  t h e  

The r e s u l t s  a r e  
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approximation techniques. Again, the response o f  the approximated 

system are extremely close to the original system. 



CIiAPTER V I  I 

CONCLUSIONS 

An ana og s tudy  o f  t h e  m a t r i x  Cauer model has been presented.  

I t  i s  a n a t u r a  e x t e n s i o n  o f  Chen-Shieh [61 technique f o r  model s i m p l i -  

f i c a t i o n .  The advantages o f  t h e  method a r e  t h a t  one has seve ra l  a p p r o x i -  

mat ions a f t e r  once p e r f o r m i n g  t h e  expansion and the  accu rac ies  o f  t he  

approx imat ions a r e  e x c e l l e n t .  The s i m p l e s t  model i s  an approx ima t ion  o f  

t he  f i r s t  o r d e r  (HI and H z )  o n l y ;  however, i n  p r a c t i c e ,  H 

would be as s imp le  an approx ima t ion  as one w i l l  use. When one takes more 

and more terms o f  t h e  expansion, b e t t e r  and b e t t e r  r e s u l t s  a r e  ob ta ined .  

through H4 1 

M u l t i p l e  i n p u t / o u t p u t  systems a r e  impor tan t  i n  p r a c t i c e  and 

d i f f i c u l t  i n  a n a l y s i s  and they a re  almost imposs ib le  t o  des ign  t h e o r e t  

c a l l y .  T h i s  t h e s i s  o f f e r s  a decomposi t ion method t o  s i m p l i f y  t he  prob 

and t o  make t h e  s i m u l a t i o n  p r a c t i c a b l e .  

- 

em 

I n  i n t r o d u c i n g  the  m a t r i x  Cauer mode1,analog computer techniques 

were evo lved  f o r  t h e  s c a l a r  Cauer model. These techniques, as we1 1 as 

m a t r i x  model techniques,  should be h e l p f u l  t o  t h e  des igner  f rom t h e  

s t a n d p o i n t  o f  ease of s i m u l a t i o n .  Once t h e  genera l  programs a re  patched 

i t  i s  a s imp le  t a s k  t o  p l u g  i n  the va lues  f o r  a system and v iew the  

model 's  responses. 

The analog computer programs generated u s i n g  t h e  second Cauer f o r m  

a r e  w e l l  s u i t e d  t o  "canned program" environments.  T h i s  i s  evidenced by 
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t h e  l a c k  o f  need t o  s c a l e  t h e  examples because the  second Cauer fo rm 

i n n e r  loops a re  o n l y  a c t i v e  d u r i n g  t r a n s i e n t  c o n d i t i o n s ;  t h e r e f o r e ,  

i f  t h e  o u t e r  loop i s  w i t h i n  t h e  c a p a b i l i t i e s  o f  t h e  ana log  computer, 

s c a l i n g  w i l l  p robab ly  n o t  be needed. I f  t h e  i n n e r  loops ove r load ,  t h e  

i n p u t  amp l i t ude  can be reduced. 

H o p e f u l l y ,  t h i s  paper w i l l  h e l p  t a k e  the  analog computer o u t  o f  

t h e  hands o f  t h e  p r o f e s s i o n a l  analog programmer and put  i t  where i t  has 

always belonged --- i n  t h e  hands o f  t h e  engineer .  



48 

B I BL I OGRAPHY 

[l] Nixon, F. E. P r i n c i p l e s  o f  Automat ic  Control. New Jersey: 
P r e n t i c e - H a l l  P u b l i s h i n g  Company, 1959. 

[2 ]  Evans, W .  R. Cont ro l  System Dynamics. New York: McGraw-Hill 
Book Company, 1954. 

E31 Chen, K. Trans. Am. I n s t .  E l e c t .  Engrs. PP 76-80. 1957. 

[4 ]  Davison, E .  J., I .E .E .E .  Trans. Autom. C o n t r o l ,  11-102. 

[5 ]  M a r s h a l l ,  S. A. C o n t r o l ,  p. 642. 1966. 

[6 ]  Chen, C. F. and Shieh, L. S. "A Novel Approach t o  L i n e a r  Model 
Simp1 i f i c a t i o n , "  1968 J o i n t  Automat ic Cont ro l  Conference. 
Michigan: pp 454-461. 

[7 ]  Chestnut,  H. and Mayer, R. W. Servomechanisms and Regu la t ing  
System Design, pp. 477. New York: John Wi ley E Sons, 1959. 



49 

5 5' 

E 


